


itecanimeg Dipti ) 
al NIIP cn 














Heating - Piping 
aiAir Conditioning 








4 
a As 


MULTIPLE 
V-BELT 


TEXROP E~Vacr— 


assure silence in the courtrooms, silence in theatres, 
silence in schools, silence in office buildings or wherever 
heating, ventilating or refrigerating machinery must be 
operated. Texrope Drives never become noisy, not 
even after years of wear. They require little or no 
attention and are faithful performers, even where con- 
tinuous service is required. Many of the country’s out- 
standing buildings are Texrope Drive equipped. Booklet 
1241A illustrates several interesting installations. You 
may obtain a copy by writing to the nearest district 
office or Allis-Chalmers Manufacturing Co., Milwaukee, 
Wisconsin. 


ORIGINATED BY ALLIS-CHALMERS 


TENROPE 


THE DRIVES THAT REVOLUTIONIZED = Sess TRANSMISSION PRACTICE - 


DRIVES 


Texrope Belts are 
made by B.F. Good- 

rich for Allis-Chal- 
mers. Complete 
stocks are carried in 
Allis-Chalmers ware- 
houses all over the 
globe. When yourbelts 
finally need replace- 
ment the nearest Allis- 
Chalmers office will serve 
you promptly. 
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THE EDITOR’S PAGE 


URING the past decade or so, unit heaters have 

firmly established themselves as a means of effec- 
tive plant heating with economy. In the article starting 
on page 445 this month are assembled experiences of 
several plants with unit heaters. In addition, two check 
lists appear, one designed to be of aid when the suit- 
ability of unit heaters to a plant not now equipped with 
them is being considered. The other check questions 
are aimed to assist the modernization of an existing 
unit-heater system. Future articles on this subject will 
present similar information. 


A PLAN to include in the $3,300,000,000 govern- 
ment public-works program the modernization of 
mechanical services in existing properties is published 
in this issue with an analysis of its fundamental sound- 
ness, its adaptability to aiding the government in accom- 
plishing the objects of the program. 

In addition, proof of the plan’s practicability is given 
by means of case records from the files of consulting 
engineers. These examples—each referring to a specific 
building—show how an investment in well-planned mod- 
ernization of a heating, piping, or air conditioning sys- 
tem is self-liquidating ; how it will reduce (rather than 
increase) future expense; how it will provide employ- 
ment not only for the manual laborer but for engineers 
as well. 

Many more such examples could be mentioned almost 
off-hand by any consulting engineer. A nation-wide 
survey of existing properties as proposed in the plan 
would bring to light countless opportunities 
for self-liquidating, cost-reducing modern- 
ization work. 


'’ you wanted to get the complete story 
of national standardization of piping, 
Sahin Crocker would be one of the best 
men in the country to go to; he has been 
active in piping standardization work for 
ten years, is a member of several of the 











standardization 


committees which are working on 
projects. 

That's just what we have done. Some four years ago, 
Mr. Crocker wrote an article on this subject for HEat- 
ING, PIPING AND AIR CONDITIONING. 


ards have been added since then, others are now in 


Many new stand- 
process. In his series of articles starting this month, 
Mr. Crocker gives a complete picture of piping stand- 
ardization today, takes you behind the scenes with his 
explanations of the reasons back of the standards. 


Dp beep-nes to the authority with which Mr. 
Crocker speaks on piping standardization is the 
standing of R. H. Heilman when it comes to the heat 
losses from piping, and insulation. To this issue, there- 
fore, Mr. Heilman contributes a paper on heat transmis- 
sion from copper pipe and tubing, about which some 
confusion This straight-forward analysis is 
clear, concise; the author’s research work (some of it 
made especially for this article) is drawn upon exten- 


exists. 


sively. 


HE modern office building is equipped with air 

conditioning ; 
vantages to both the building management and the tenant 
that the building without it can no longer be said to be 
up-to-date, thoroughly modern. 

Fortunately, existing buildings as well as new can be 
air conditioned; often the requirements can be met by 
air conditioning only several floors of an 
existing structure. 

That’s the situation in the example de- 
scribed in M. article this 
month. Several floors of a New York 
office building were recently equipped with 


air conditioning offers so many ad- 


©’Connell’s 


an air-conditioning system. His explana- 
tion of the solution of the problems met 
on this typical job is thorough; you'll find 


it of interest. 
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Standard Commercial 
DUSTOP 
Glass Wool Air Filter Unit 





ea 
GLASS WOOL AIR FILTER 


Sold by all National 
Manufacturers of Fan Systems 


Buildings No. 1 and No, 9 DUSTOP equipped. 
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Photo Courtesy McLaughlin Aerial Surveys. 


Radio City installs DUSTOP filters 


to insure CLEANEST air 


@ With the growing demand for clean air in 
buildings to safeguard public health and pro- 
tect furnishings from destructive action of 
dust-wear, Radio City installs Dustop glass 
wool air filters to insure CLEANEST air. 
The Dustop filter has a tremendous capacity 
for catching and retaining dust, dirt, soot, pol- 
len, bacteria and other impurities circulated 
in air, which it removes with high efficiency 
(96% to 98%). Dustop is inexpensive to in- 


stall and is easily serviced by simply replac- 
ing dirty filters with new ones. Dustop filter 
banks can be assembled in any number of 
units to suit individual building require- 
ments. For year round low-cost efficient air 
cleaning, investigate Dustop. Let us send you 
full details. Owens-Illinois Glass Company, 
Industrial Materials Division, Toledo, Ohio. 
(Dustop is assembled and installed in Canada 
by General Steel Wares, Ltd., Toronto, Can.) 


OWENS-ILLINOIS 


DUSTOP AIR FILTERS 
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Krase this expense 


Heating Pump 





Needs No Electric Current. 


For the Jennings Vapor Turbine operates 
on steam directly from your heating mains, 
and returns that steam to the heating system 
with little heat loss. 

This remarkable pump is driven by a 
special vapor turbine which functions on a 
differential of only 5’’ of mercury, and on any 
type of heating system, regardless of type of 
steam control, and regardless of whether the 
system is run above or below atmosphere. 

And remember that this saving in electric 
current is only one of the economical features 
offered by the Jennings Vapor Turbine, 


NASH ENGINEERING CO., SO. NORWALK, CONN. 


Users report that fuel consumption shows 
a marked decrease owing to the greater efficiency) 
of perfectly controlled continuous operation 
which is an important feature of this pump. 
The cost for lubrication and other maintenance 
is practically nothing, no expert attendance is 


needed, and little floor space is required. 


Most important of all, each and every radi- 


ator is maintained at top-notch heating efficiency. 


Write and let us send you more mone\ 


saving details regarding this unit. 
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Modern Unit Heaters Promote 


Effective Plant Heating with Economy 


Examples Show Opportunities for Saving 
Money in Industrial Heating... Check 
Lists Aid Application of Unit Heaters 


NIT heaters and their industrial applications are = be more widespread and thorough in plants of almost 
| | “live” subjects at the present time for a number _ every industry than has been the case for a long while. 
of reasons. Plant heating systems are now being Add to this current activity in developing and improving 
(or should be) put into final shape for satisfactory, unit heaters themselves, and it is evident that the sub- 


economical operation during the coming heating season. 
With increased industrial activity and the stress which 
has been placed on the need for efficient plant operation 
by NRA, it is probable that the tuning-up process will 


Fig. 1—Two views of the unit heaters in the plant of 
Edward Katzinger Company, a representative example 
of this modern method of industrial space heating 























ject deserves attention from those concerned with the 
heating of plants and factories. 

It is the purpose of this article (and others to follow 
in future issues) to present needed information on the 
adaptability of modern unit heaters to solving plant heat- 


ing problems. A number of cases describing the results 
which have been obtained in unit-heater equipped plants 
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Fig. 2—a shows part of the 64 unit heaters installed in the 
plant of the Kelsey-Hayes Wheel Company at Detroit; 
the units are 44 ft above floor level. In b some of the 
33 units in the Woodall Industries, Inc., plant are shown 


are reported to indicate what can be done toward pro- 
moting efficiency with this type of industrial heating. 
Two check-lists also have been prepared and appear 


Guide for Determining Suitability of Unit Heaters 





[The following check questions suggest the points to be con- 
sidered in surveying a plant's heating to sce if the installation of 
unit heaters would be advantageous. If the answers are “yes,” 
suitability of unit heaters to meet the plant heating problem is 
indicated. | 


Have changed plant conditions presented new requirements 
which might well be met by unit heaters?.................. 

(As with any other service, a change in plant lay-out or 
function may require a change in the duties of the heating 
system.) 


Is temperature distribution now uneven? Are there cold 
oc ucedsces evs tvaseces os 

(An advantage of unit heaters is that the heat may be 
directed where wanted.) 


Are heat losses through the roof proportionately large? Is 
there wide difference between floor and ceiling temperatures? 

(Savings of 20 to 50 per cent in heating costs with unit 
heaters have been reported; these savings are usually greatest 
where the proportion of overhead heat loss to other heat 
losses is the greatest. Unit heaters will maintain a relatively 
warm zone near the floor and a relatively cold zone near the 
ceiling. ) 


(Unit heaters offer high heat-transfer capacity in small 
space with rapid heating and wide distribution of heat, readily 
controlled.) 


(Adaptability to many forms of control is a feature of unit 
heaters. One authority has stated that 10 to 30 per cent of 
the fuel is wasted by overheating and open windows when 
workmen are relied upon to regulate the temperature man- 
ually; that the cost of control is saved in less than a year.) 





(The high heat-transfer capacity of a unit-heater system 
offers opportunities for conserving in the initial cost of a 
plant heating system.) 


Is a saving in the space required for the heating equipment 
EE “Gis bb svete ch tudetseds ds seb ae be stoke cesscccess ne 

(Units are available in many types for floor and suspended 
They may be located to require no floor space or 
to fit in with plant requirements to use no space required for 
production equipment.) 


mounting. 


(Units offer a chance for simplification of the necessary 
piping as fewer heat-emitting surfaces are necessary.) 


Would ventilation be desirable?...................055005: 

(By installing a fresh-air connection, outdoor air can be 
supplied the unit, heated to the proper temperature and dis- 
charged to the working space.) 


Is it desired to use high-pressure steam for heating?.. 
(Units are available for operation with high-pressure 
steam. ) 


Is it desired to use low-pressure steam for heating?...... ; 

(Economy in heating can be had by using low-pressure 
exhaust steam, for instance, reducing high-pressure steam for 
make up when necessary.) 


(Units may operate with hot water.) 


Be Be ne OD GN GIs on cc cine s ce ccnscvacpecceese: 
(Gas-fired unit heaters may be had in several types.) 


Is it desired to use electric heat?...............00-+55: , 
(Electric unit heaters are available. Auxiliary electri 
heating with low-cost off-peak power has proved a mone) 
saver in many plants.) 
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Maintenance Guide for Plant Unit-Heater Systems 





[These check questions will aid in inspecting a unit-heater sys- 
tem and will suggest what should be done to put a faulty system 
in shape for efficient operation during the coming heating season. 
They will also suggest other points that might well be checked 
in the individual system. If answer to any question is “no,” it 
will pay to apply the proper remedy.] 

Are there enough units properly placed?................. 

(Some types of units will project their heating effect 30 
to 200 ft, have successfully been placed as far as 400 ft from 
each other. Other types may be placed 30.to 100 ft apart. 
Sometimes rotational circulation of the air in the space heated 
is desired, one unit picking up the air from another. No hard- 
and-fast rule applies, judgment being required. Limitations of 
the building, exposed areas, openings, etc., must of course be 
considered in location of the units.) 


(Units must provide for heat loss from the building and 
for heating any outdoor air from outside to inside tempera- 
ture. Ratings are usually on basis of 2-lb steam pressure 
and 60-F* entering air temperature; capacity increases with 
increased steam pressure, decreases with increasing entering 
air temperature. Capacity slightly less with superheated 
steam, negligible up to 50 deg superheat. Consideration must 
be given to reduced heat and air capacity due resistance from 
outside air intakes, filters, discharge ducts, etc., if used.) 


(Hot blasts of air in working zone are usually undesirable. 
However, for economy, the heated air should be brought 
down as far as possible.) 


EE RR OTE eee Se ae eae ee Eo ee 

(Allowable noise depends upon the requirements and use 
of the building heated. Quietness is a function of several 
variables besides speed and all should be considered. Sup- 
port should be such as to prevent vibration.) 


Are the motors of the best type and speed for the particu- 
lar service? Is the drive as a whole efficient and trouble- 
DUC 6. scccaweg tb bacsan dents aul btedenpeeerasedeucat™ 

(Bearings in alignment? Lubrication o. k.? Proper voltage 


to motor? Electrical circuit properly protected?) 


*A. S. H. V. E. Standard Code for Testing and Rating Steam Unit 
Heaters, A. S. H. V. E. Transactions, Vol. 36, 1930. For constants for 
determining capacities at various steam pressures and entering air tem- 
peratures see pages 404 and 405, A. S. H. V. E. Guide, 1933. 


Does the control prevent the unit delivering cold air? Is 
GUOPORIIN PUOUUMINEE ono occ es cccsccvcscccccccsccecscces 

(Unit heaters are particularly adapted to automatic con- 
trol, can be operated economically with the proper control 
arrangements. A variety of possible control hook-ups per- 
mit almost any type of operation to be attained.) 


Is the steam pressure (or water temperature) supplied the 
Ne abn eT Kibebdde ddan cctiensesdciuseiiewebetauee 

(Steam pressures below 
heaters. When air at temperatures below freezing may be 
taken in, pressure of not less than 5 lb should be maintained 
in heating surface. A low-presure unit must not be supplied 
with high-pressure steam. 
used, is there a relief 
pressure-reducing valve and the unit to relieve pressure if re- 
ducing valve sticks?) 


5 lb satisfactory for recirculating 


If a pressure-reducing valve is 


valve in low-pressure line between 


Have proper provisions been made for venting air from 
EEE ey Oe ee ee 

(Are the air valves large enough? Are 
pockets?) 


there any air 
a supply line large enough? Is it pitched back from unit 


goed piping should be arranged so that condensation 
from mains, branches, and risers does not pass through heater 
or collect above the supply valve when closed.) 


Are joints in the piping near the unit screwed up tightly? 


Have expansion and contraction in both units and piping 


(Such construction problems as tubes pulling away from 


headers, etc., have been solved in modern unit heaters.) 


Is return line of proper size and does it leave unit without 
I on os cncehscdvedee6cd Si ebeuevdesceees 


Is unit properly drained? Are traps the right size and 
proper type for the system? Working freely? Cooling legs 
necessary? If so, are they provided for?................55. 

(There should be sufficient drop from bottom of unit— 
12 in.—to float or combination float-and-thermostatic trap to 
insure sufficient head for removing condensation. Bottom of 
above boiler water-line to 





unit must be far enough—30 in. 
prevent steam pressure from backing water into unit.) 


(Strainer in supply connection protects the relativ iy small 
and valuable tube area.) 

Is heat-transfer surface free of dirt accumulation? Hot over 
| o. 





on these pages. One of them suggests the points 
to consider when the application of unit heaters to a 
plant not now equipped with them is being studied. The 
other serves a similar purpose when an existing indus- 
trial unit-heater system is under consideration for 
modernizing or maintenance attention. These sum- 
marized guides to the use of unit heaters in industry 
can be utilized to advantage; they insure that nothing 
that should be considered will be over-looked and sug- 
gest the making of a survey which will, in most cases, 
promote the efficiency and economy of a plant’s heating 
sy-tem. ; 

hat unit heaters offer a worthwhile opportunity to 
the engineer for reducing plant heating costs throughout 


the coming—and following—heating seasons is conclu- 
sively shown by the experiences of many plants. Numer- 
ous cases can be cited which show the specific economies 
or improved results obtained. To aid in visualizing the 
possibilities in modernization of this kind, 
them are summarized here. 
Plant Experience with Unit Heaters 

For instance, a survey of a foundry building by 
Samuel R. Lewis, Consulting Engineer, showed a pos- 
sible reduction in the yearly heating cost of over $1,700 
through replacement of the hot-water pipe-coil radiation 
with a modern unit-heater system. Walls, the columns, 


several of 


and the spaces between the columns overhead (save for 
the crane-ways) were covered with the coils, but at that 
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it was necessary to use coke-burning salamanders. Pro- 
visions for any temperature regulation were lacking. 
By keeping the heat down where needed, Lewis estimated 
that hot-water-type unit heaters would save the differ- 
ence between 6,014,489 and 4,433,249 Btu per hr—at a 
unit cost of $1.10 per year per 1000 Btu’s a worthwhile 
saving even neglecting that due to the elimination of the 
salamanders and the better results secured. Assuming 
the cost of the change to be $6,000.00, the following 
table shows the wisdom of the investment: 





$6,000.00 
300.00 


investment 
interest on $6,000.00 @ 59%...... 6.0 c ee eee 
MEL an ice ve'ca wae Has woes bee vo 
Ralance remaining in investment.......... 


$1,739.00 
4,621.00 


ENp oF SECOND YEAR: 


I ee ceaad $4,621.00 

Interest on $4,621.00 @ 5%............ 231.00 

TY ENE vans poate clashes t ssa oe ans 1,739.00 

Balance remaining in investment...... 3,113.00 

Enp or THirp YEAR: 

I ee ol Een Sein sila k wialeoig $3,113.00 

Interest on $3,113.00 @ 5%...........005- 155.00 

TE Se Sees ee eee re 1,739.00 

Palance remaining in investment.......... 1,529.00 

Enp or FourtH YEAR: re 

I ig ee iad gw eis $1,529.00 

Interest on $1,529.00 @ 5%...........005- 76.00 

NT A a aa ates Pe 8 ls ie he ble 1,739.00 
Investment all cleared with margin of... 134.00 


A similar example has been reported by The Bishop 
& Babcock Sales Co., Cleveland, Ohio; 15,500 sq ft of 
steam radiation in a machine shop were replaced by nine- 
teen unit heaters having a total capacity less than that of 
the radiation removed. The principal difficulty leading 
to the change was that, because of the height of the 
building, the heat delivered at the working zone was 
unsatisfactory, the cost excessive. There was no in- 
crease in fuel consumption after the units were installed, 
and considering that heating is now obtained where it 
was not before, it is clear that the improvement was 
justified economically. 

In an article earlier this year, A. W. Moulder of Grin- 
nell Company, Providence, R. I., cited two cases of 
unit-heater applications in different plants which proved 
to be advantageous. One is the plant of a hosiery manu- 
facturer ; replacing the old pipe coils with overhead-type 
unit heaters provided with thermostatic controls—and 
the installation of new vacuum pumps and a feedwater 
heater—made it unnecessary to provide 
more boiler capacity for an addition to the 
plant, as was at first contemplated. The 
other building—originally a cotton mill and 
later occupied by a tobacco concern 
equipped with units and thermostatic con- 


-Wwas 


trols, “greatly reducing” the steam con- 
sumption. 


A bulletin recently issued by Grinnell 
states that natural air circulation makes ceil- 
ing temperatures excessively high and that 
in the average factory 65 per cent of the 
heat-loss area is in roofs, monitor, or sky- 
light glass. By using units which keep the 
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heat down, fuel cost can be reduced. Several exan. |.< 


are quoted from this source: 

A large plant was remodeled for the manufactur: «f 
airplane motors and the records now show a saving in 
steam consumption of 29 per cent by the use of nit 
heaters. Another example concerns a railway and (ck 
shop installation, an old system being replaced by un''s. 
Coal consumption was reduced from 223 tons to !48 
tons per season, a saving of 35 per cent. The third 
example refers to a large manufacturing concern operat- 
ing more than fifty separate plants. Overall savings of 
50 per cent are reported due to unit heaters ; in one fac- 
tory equipped with units and an automatic control sys- 
tem, savings of $50.00 a day are recorded. 


Representative Installations of Units 


The unit-heater installation in the plant of the Edward 
Katzinger Company, Chicago, shows how this modern 
method of industrial space heating meets the problems 
involved. This company manufactures kitchen utensils 
of various kinds, such as egg beaters, paring knives, etc 
The plant—only a few years old—consists of a two- 
story section with a flat-slab roof and a one-story section 
with a saw-tooth roof. Two views are shown in Fig. 1. 

In the two-story section it was necessary to counter- 
act the large heat loss through the windows and walls 
and, on the second floor, through the roof. The single- 
story, saw-tooth roof section presented a special problem 
in that it was necessary to keep the heat away from the 
roof to promote economy and at the same time to heat 
rather large open floor areas. The heating requirements 
are met by twenty-five unit heaters (Ilg Electric Venti- 
lating Co., Chicago), each with a rated capacity of 
155,000 Btu or a total of 3,875,000. By proper location 
of the units, effective and economical heat distribution 
has been secured without using any floor space; the 
various bins of material, machines, and other obstruc- 
tions do not interfere with distribution of the heat. 

Four 259,000-Btu unit heaters are also used at this 
plant for the quick drying of enameled kitchen utensils, 
necessary to maintain the production rate. With the 
units, this drying is accomplished so that the production 
speed reached in other steps in the production process 
is maintained in the drying. 

In Fig. 2 are illustrated several unit heaters (The Unit 
Heater & Cooler Co., Wausau, Wis.) installed in indus- 
trial plants ; the units shown in a are placed 44 feet above 
the floor. The units pictured in this figure are designed 
to deliver the warm air to the working zone. These 
units are low-temperature, large-volume 
tvpes: the steam chamber is of high-test 
iron around which is cast special alloy 
aluminum fin surface giving metal-to-metal 
contact and designed to withstand steam 
pressures up to 250 Ib. The casing and 
louvres are built substantially to avoid their 
being distorted or bent. 

An installation of turbine-driven unit 
heaters in a railroad shop is illustrated in 
the upper view of Fig. 3; where high-pres- 
sure steam is available units of this type 
often have advantages. As the exhaust 
steam from the turbine is used in the heater 
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element an economical arrangement is provided and no 
electric wiring is necessary. 

The lower part of Fig. 3 shows a unit installation in 
a foundry company plant. The type of unit shown can 
be suspended in an inverted position (as is the case here) 
or floor mounted, wall-bracket mounted, horizontally 
mounted, etc. Units of this general type are recom- 
mended for heating large areas, a small suspended-type 
propeller-fan unit also being available from the manu- 
facturer (Buffalo Forge Company, Buffalo, N. Y.) 
where lower capacity is needed. Suspended and floor- 
type gas-fired unit heaters (also offered by the maker 
of these units) are becoming popular for many industrial 
applications, one recent shipment consisting of 64 of the 
suspended units. 

A unit arranged for washing and humidifying the 
air is also available. A revolving drum of air washer, 
eliminator and scrubber plates is provided in the lower 
part. The drum is revolved by the air current and the 
plates continually dip into a water tank. Often a few 


Fig. 3—Below: Unit-heater installation in a foundry com- 
pany plant. Above: Turbine-driven units in a railroad shop 
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of these units can be located advantageously near dust- 
producing machinery. 

Another feature often desired is a unit with electric 
bypass damper control. With this control the unit is 
driven by a constant-speed motor providing full volume 
of air circulation at all times and giving minimum outlet 
temperatures. The controller actuates two interlocked 
dampers which allow recirculated air to enter above the 
heater element. 


Use of Electric-Type Units 


The adaptability of electric-heated units as a method 
of furnishing low-cost auxiliary heating in plants and 
buildings was described in an article by Lee P. Hynes 
published in the October, 1932, issue. Among the cases 
where this type of heating can be economically utilized, 
the author mentioned special locations in plants requir- 
ing heat when the plant as a whole does not; plants 
needing but little heat during the day because of large 
amounts of waste heat from lights, machinery, etc. ; 
other cases where 24-hour operation of the 
regular fuel-burning heating plant would 
not be justified by the amount of heating 
needed. 

An example of this use of such units in 
the press-room of a printing plant was cited. 
The building is heated with steam supplied 
by low-pressure boilers, the fires of which 
are banked at night. As the press-room 
needs heat 24 hours a day, two heavy-duty 
electric-type unit heaters were installed 
which have proved to be “very satisfactory.” 
Che heaters are equipped with thermostatic 
control. Another case is that of a paper- 
stock room requiring a moderate amount of 
heat at all times to overcome humidity con- 
ditions and protect the sprinkler system 
from freezing. 


Recent Improvements in Unit Heaters 


Unit heaters are constantly being de- 
veloped and improved both in their con- 
struction features and in their application 
to plant heating. Recently, several manu 
facturers have announced improvements 
which should be of interest to prospective 
users. Others, it is understood, are work 
ing on new developments, in some cases 
extensive re-design being involved. 

One concern (McCord Radiator & Mfg 
Co. of Detroit) has made a number of 
changes in construction and design of its 
heater since the last heating season. The 
appearance has been improved by making a 
shell that is completely removable from the 
core. A new type of black baked finish also 
adds to the appearance. The spiral fin tub- 
ing is brazed into the heavy copper header. 
A special design of steam-inlet and outlet 
cast-iron tanks are removable and are held 
in place by large cap screws placed on 1-in. 


(To page 70, back Advertising Section) 


















Include in $3,300,000,000 Public Works Prograin 


The Modernization 


PILAN for the expenditure of a portion of the 
$3,300,000,000 to be appropriated by the gov- 


& ernment for public works is presented here. It 


recommends that heating, power, plumbing, electrical and 
allied mechanical equipment in existing public buildings 
be modernized where such modernization will prove 
self-liquidating within a reasonable time. 

The plan has been proposed by Russell Grinnell, 
President of Grinnell Co. There is probably not an 
engineer or contractor in this industry who can not 
testify to its soundness with examples of public build- 
ings whose mechanical equipment can be modernized 
to advantage, or, equally conclusive, with examples of 
privately-owned buildings now enjoying the benefits and 
savings of modernized heating, piping and air-condi- 
tioning systems. 

It deserves immediate consideration and action from 
the officials controlling the expenditure of the govern- 
ment’s public works funds and of the states and muni- 
cipalities which can avail themselves of these funds on 
such advantageous terms as they are being offered. It 


THE 


[Proposed by Russell Grinnell, President, Grinnell Co.]| 

It is suggested that heating, power, plumbing, electrical and 
allied types of equipment in every existing public property be 
surveyed with a view to determining where modernisation of such 
equipment will be self-liquidating within a reasonable time, Fed- 
eral engineers, state engineers, city engineers and others who are 
responsible for such equipment are already aware of many places 
where economies can be effected by such modernisation, Recom- 
mendations regarding many of these specific projects could, there- 
fore, be made at once and others follow along at an early date. 
It is believed, however, that a survey of every property and a 
report regarding the efficiency of operation in the mechanical 
equipment with comparative results in one property as against 
other similar properties would reveal many more places where 
self-liquidating expenditures could be made than would otherwise 





be discovered. 

It is suggested, therefore, that either an adequate force of 
engineers be placed at the disposal of the engineer now in charge 
of public properties or, in lieu of this, that the services of com- 
petent consulting engineers be employed to bring m such com- 
prehensive reports. 

Merely as a suggestion as to some of the items which might 
effect these economies, we list the following: 

(a) Installation of central heating plants for groups of public 

buildings which are now heated by separate boiler plants. 

(b) Zoned automatic control of heating systems for large 
office buildings. This modern type of automatic control 
has shown savings of from 20 to 50 per cent in fuel bills 
in many large buildings. 

Installation of or elimination of power-generating equip- 
ment where estimated costs reflect favorably as against 








calls for the support of engineers, contractors, manu- 
facturers and associations in this industry who can do 
both their government and their industry a real good 
by pointing out to the proper officials the business 
soundness of such expenditures. 

This plan conforms with the aims of the govern- 
ment in its public-works program in all respects. In 
the first place, the government requires that expendi- 
tures be self-liquidating. The change, repair, addition, 
or replacement to heating, piping and air-conditioning 
equipment, properly engineered and directed, quickly 
pays for itself. Many examples to prove this are given 
in following columns, 

In the second place, the government wishes by these 
expenditures to create employment and increase pur- 
chasing power. The kind of work proposed by this 
plan will provide much needed employment to a class 
and an industry which has been particularly hard hit 
by the depression. In proportion to the total cost it 
will call for a larger labor cost than road building and 
such projects now included in the government’s plans 


PLAN 


existing methods of generating electrical current or its 
purchase from a utility company, 

Modernisation of piping with welded joints where pres- 
ent upkeep and maintenance ts excessive. 





(d) 
(e) Installation of modern unit heaters or air conditioners 
which lend themselves to automatic control and economy 
of operation as compared to some of the old types of pipe 
coils and other heating equipment now installed. 
Insulation of piping or modernization of e.risting insula- 
tion for fuel saving. 

(g) Installation of modern boiler equipment, elevator machin- 

ery, compressors, etc. 

It is believed, if those responsible for expenditure of public 
funds will carry on a comprehensive investigation along the gen- 
eral lines outlined above, they will establish these four facts: 

1, That considerable sums of money can be spent for mechani- 
cal equipment in a manner which will be quickly self-liqui- 
dating. 

2. That the work of obtaining such comprehensive reports to- 
gether with the engineering and supervision of such instal- 
lations will provide much needed work for the so-called 
“white collar” engineering class of labor who by and large 
are probably more in need of immediate help than the aver- 
age laboring man who works with his hands. 

3. That work of this nature provides a great deal larger pro- 
portion of labor cost to total cost than does road building, 
reclamation projects, etc. 


(f) 


4. That such work does not add to productive capacity, but 
simply eliminates a present waste, Moreover, as weighed 
against new construction, it does not call for future fixed 


expense for maintenance, operation and depreciation. 











echanical Equipment 


In Existing Properties 


for expenditures. Furthermore, it will mean the utili- 
zation of local labor for these modernization jobs as 
well as increased employment in the factories making 
the mechanical equipment needed. 

In the third place, the government does not want to 
add to productive capacity or to get into projects which 
will call for high future fixed expense. This plan does 
not add unneeded capacity and, instead of calling for 
future fixed expense, eliminates a present waste and 
cuts down future operating charges. 

In short, it is the soundest kind of business and will 
be so recognized by the government, we feel sure, pro- 
vided the facts are laid before the proper officials. 

The suggestion that the services of competent con- 
sulting engineers be employed to survey and report on 
equipment in existing public buildings is in line with the 
general soundness of the plan. Trained in their pro- 
fession, thoroughly familiar with the most modern 
design and equipment, experienced in work of this 
nature, they add to these qualifications the important 
one of quick action. They know their local conditions. 





OLLOWING are examples of cost-cutting modern- 

izing opportunities. Each is an actual case which 
reports how money was saved by rehabilitating mechan- 
ical equipment of a property, or tells what could be done 
in a specific instance toward reducing operating expense 
by a wisely-planned initial investment. 

The few examples given here have been selected from 
the files or experience of a number of consulting en- 
gineers. Numerous others of course could be added, 
and a nation-wide survey would bring to light countless 
opportunities which would bear out the soundness of the 
plan shown on the opposite page. 


Many Methods of Saving by Mod- 
ernizing Mechanical Equipment 


By Samuel R. Lewis 


Consulting Engineer, Chicago 


iy HERE are large public buildings in every commu- 
nity—public in the sense that every one uses them 
and sees them daily, even though the titles to all of them 
may not lie in the government. Such structures include 
churches, office buildings, museums, private schools, 
asylums, and colleges, as well as public schools, munici- 
pal end state eleemosynary institutions and the ever- 


THE PROOF 


451 


In many cases they are already familiar with the me 
chanical systems of various public buildings in their 
communities. Immediately, therefore, they can get this 
plan operating. 

lor the same reasons the local heating, piping and 
air-conditioning contractor stands out as an effective 
medium through which this plan can be put into opera- 
tion. 
stalled the systems in these buildings and he knows, 
therefore, the parts which can be improved to advantage 
with modern equipment developed since that time. Mod- 


In many cases he is the one who originally in- 


ernization is the type of work he has been doing these 
last few years in office buildings, hotels, hospitals, 
schools, institutions and industrial plants. 

The plan speaks for itself. To those familiar with 
the savings to be effected through modernizing old 
mechanical equipment it is a “natural.” Assembled here 
are typical examples of such modernization which will 
give those not so familiar an appreciation of the possi- 
bilities. 





present older buildings of the Treasury, the Postoffice, 
and the Judicial departments. 

In nearly all of these buildings no repairs or improve- 
ments have been made for several years. They have just 
pulled along wastefully and often at the risk of such 
failure in maintenance as to 
For instance, there 


deterioration caused by 
necessitate complete replacement. 
is a surprisingly large number of tubular boilers with 
plugged-off tubes. When a tube in a fire-tube boiler 
begins to leak it is possible easily and quickly to plug 
it off at both boiler heads so that it fills with water and 
does no particular damage. However the boiler is thus 
deprived of a substantial fraction of its heat-absorbing 
surface, and its output will be reduced and the fuel 
consumption will be increased. In thousands of cases, 
rather than meet the investment for a new tube, the 
owner pays heavy interest and sinking fund increments 
on its cost by burning excessive fuel. 

In an appallingly great proportion of cases when 
repairs or replacements are made the emergency is so 
violent that no intelligent consideration of a wise invest- 
ment or reduction of operating cost is possible. 

There is no money available to purchase new equip- 
ment and so by patching and by-passing efficiency-pro- 
moting apparatus an annual repair bill and operating cost 
is incurred which would liquidate in a short time the 
investment for adequate new machinery. This situation 
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especially is in evidence in public schools and in churches, 
which have received no increments to building funds for 
some time. 

Since the depression commenced and since most ex- 
isting buildings were designed, there have been many 
very radical improvements in the equipment for heating 
and ventilating and cooling. Despite the reduction in 
volume of sales, most progressive manufacturers have 
maintained their research appropriations and have im- 
proved their products. 

Stokers Show Savings: For instance, automatic stokers 
for burning low-grade coal have been perfected to the 
point where (for existing apartment-type buildings espe- 
cially) some manufacturers offer to accept all or nearly 
all compensation in installments as the stokers liquidate 
themselves by saving in operating cost. 

In one municipal waterworks plant from May 1, 1930, 
to January 1, 1931, under hand firing 1,642 tons of coal 
were burned. From May 1, 1931, to January 1, 1932, 
with the same boilers but with electric-driven 
stokers, pumping more water rather than less, 
1,065 tons of coal were burned. The sav- 
ing in dollars per year by the change was 
(9,516-5,424) $4,092.00. The stokers cost 
the city $4,500. This investment, it will be 
observed, practically was self-liquidating in 
one year. ‘There are hundreds of similar 
cases ready for attention. 

In a Minnesota high school the annual sav- 
ing due to stokers was $834.00. The invest- 
ment was self-liquidating in two years. 

A Colorado municipal _ electric-lighting 
plant spent $7,000.00 for a stoker, and saved 
$4,000.00 per year thereby, easily a two-year self- 
liquidation. 

A large church saved in coal costs on a two-year 
average $775.00 per year. The stoker cost $1,600.00 or 
$1,680.00 with the first year’s interest. $1,680.00—$775.00 
leaves $905.00 or $960.00 with the second year’s interest. 
$960.00—$775.00 leaves only $185.00 not liquidated at 
the end of the second year. 

One Chicago apartment building saved $900.00 per 
year by purchasing a stoker which cost $1,100.00. 

Almost every public school in the country burns coal, 
and does it manually, and is unable in most cases, due 
to legal restrictions, to make a contract for a stoker 
except upon advertisement, to the lowest responsible bid- 
der, upon specific plans and specifications for a specific 
price. These restrictions might be lifted for a time so 
as to permit more latitude concerning repairs and re- 
placements in existing school buildings. 

Oil Firing: There are many public buildings which 
have inadequate boilers or too-small and too-low chim- 
neys. Many of these could now be burning liquid fuel 
at a saving over present hand firing methods. 

One large Chicago hospital changed from hand firing 
of coal to automatic firing with oil. The reason for the 
change was that coal delivery was noisy and disturbed 
the patients. During two years’ experience it has been 


proved that oil fuel in this case rather unexpectedly is 
less costly than coal and that the $5,000.00 investment 
will be amortized in about eight years. 

Gas for Water Heating: There is, especially in office 
buildings, a remarkable number of cases where coal or 








oil is being burned in big heating boilers during : :¢ 
summer merely to heat service water. Nearly all of 
these plants (especially in Chicago) could burn gas {ur 
this purpose during the summer and could pay for tie 
necessary investment and engineering survey by the 


operating savings of one season only. 

Service hot-water heating in many cases is one of our 
most potent sources of extravagance. 

In one of the very finest Chicago cooperative apart- 
ment buildings the boilers and stokers operated all sum- 
mer to furnish hot water and required an average of 
2,100 Ib of coal per day for this purpose. A very sim- 
ple change in this equipment reduced the average daily 
consumption to 900 Ib. The cost of the change was 
liquidated at the rate of 72 tons of coal, say $432.00, 
every four months. Such fabulous savings as this are 
extremely common and would affect potently the pros- 
perity of the entire country if the owners of property 
knew about them and if they had the comparatively 
small capital necessary in each instance. 

Temperature Control: There are many 
government buildings such as those which 
house Federal courts, postoffices and execu- 
tive departments in which the heating and 
ventilating is from thirty to forty years obso- 
lete. The old boilers have inadequate com- 
bustion-chamber volume, steam-heating sys- 
tems have inefficient air venting, and ventilat- 
ing systems have no air-cleaning devices. 
Most Federal buildings ignore entirely the 
effect of the daily travel of the sun around 
three sides of every building and therefore 
disclose wasteful open windows on the sunny 
sides. Almost all of these buildings, if provided with 
modern zoned automatic temperature control, would 
liquidate the investment for such apparatus in one or 
two seasons. 

The Treasury department recently has realized the 
possibilities of economy when overheating is prevented 
and has installed zoned control and arrangements for 
reduced night temperatures, especially where central- 
station steam is purchased on a metered basis. It is true, 
of course, that where steam is generated on the premises 
waste would be prevented by proper control in equal pro- 
portions to the savings made where steam is purchased. 





In one group of educational buildings in Indiana the 
installation of automatic temperature regulation repre- 
sented an investment of $3,875.00. The first year after 
the control was installed a reduction of $3,308.00 in the 
cost of steam from that of the preceding year was accom- 
plished. This improvement, including interest, was self- 
liquidating in less than 15 months. 

In another case zoned control was applied to a sky- 
scraper office building which has four-side exposure. On 
a month having an average outside temperature of 36 F 
in 1930 before the improvement was installed, the steam 
consumption was 9,500,000 Ib. On a month having an 
average outside temperature of 36 F in 1933, after the 
improvement, the steam consumption was 7,165,000 Ib. 
This saving of 2,335,000 Ib of steam, expressed at 85 
cents per thousand pounds, is equivalent to nearly 
$2,000.00 for that month. This investment would pay 
itself off in not more than two years. In man) 
cases, however, adequate zone control of the type im 
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question costs so little as to be self-liquidating in one 
year. Studies of the records of seven similar buildings 
indicate that all of them show savings compatible with 
those of the case cited. 

Air Cleaning: There are many public buildings, such 
as libraries and museums, which have been unable to 
maintain the air-cleaning facilities used with the venti- 
lating plants up to the modern standard. The costs for 
cleaning and redecorating in order to maintain a half- 
way respectable appearance of walls and ceilings would 
purchase and maintain modern air filters in the air ducts, 
leaving as clear profit the reduction in damage to the 
books and exhibits. 

Obsolete air-cleaning equipment in the ventilating sys- 
tem of one large Chicago bank building was replaced 
with viscous-coated automatic air filters. There was 
vastly improved cleaning of the air and a reduction in 
the annual operating cost of the air-cleaning apparatus 
of $3,500.00, which represented an annual return on the 
investment of over 35 per cent—-an easy three-year liqui- 
dation. 

Installation of air-cleaning apparatus on the intakes 
of large air compressors reduced the maintenance ex- 
pense on these machines so much as to pay for the new 
equipment in one year and five months. 

Ventilation and Exhaust Equipment: There are many 
manufacturing plants of corporations of the “AA1 class” 
which have approached obsolescence and rejuvenation of 
which would offer a large investment return. One such 
corporation has such a modernization process now under- 
way, taking a bay at a time, and changing over its ma- 
chine tools and conveyors and modernizing its exhaust 
systems for dust. This corporation 
happens to have enough cash re- 
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ing apparatus. The modern equipment occupies so much 
less space than did the old apparatus that the needed 
additional basement offices became available. The mod- 
ern equipment not only accomplished all that the old 
equipment accomplished, but it also ventilates the new 
basement offices adequately. 

This investment by the building owner immediately 
became self-liquidating by the increased rental paid on 
a long-term contract by the tenant. 


Savings in Operation of 50% and 
Higher Possible in Some Cases 


By Walter E. Gillham 


Consulting Engineer, Kansas City, Mo. 


HAVE not had the opportunity to check over any 

public buildings in Kansas City and vicinity but as 
many of our institutions are old and out-of-date they are 
no doubt very inefficient and much saving in operation 
could be made by modernizing them. 

I have, however, checked over and have in my files 
reports on many private buildings, such as hotels and 
office buildings, which show that a saving of from 30 
to 50 per cent could be made in operation if they were 
modernized. One example is a: downtown office building, 
the income from which goes to help support a charitable 
institution. If this building were modernized, which 
could be done at a cost of $5,000 to $6,000, there would 

be a saving in operation of from 
$1,500 to $2,000. This would in- 





serve to finance the improvement. 
There are many manufacturing 
plants of unquestionable integrity 
and credit which could liquidate 
quickly a modernization investment 
provided someone would lend them 
the necessary capital. 

In one specific case an old-time 
exhaust fan has required for many 
years 12.4 hp; say 9.3 kw per hour. 
It was replaced by a fan which the 
manufacturer developed during the 
last two years and which does the 
same work as the old fan, with 
equal effectiveness but with an ex- 
penditure of only 7.6 hp; say 5.7 
kw per hour. The saving of 3.6 
kw, on a basis of 24-hour days, 300 
days per year, would buy the new 
equipment in one year only. 

A downtown Chicago office build- 
ing needed more rental area in the 
basement for a first-floor tenant, 
who, unless this space should be 
made available, would move across 
the street to a new building. A con- 
sulting engineer discovered that 


industry. 


modern high-efficiency fans, motors 
and heat-transfer surfaces could be 
substituted for the existing ventilat- 
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crease the income of the charitable 
organization, which would not have 
to draw so heavily on the allied 
charities for help. 

Saves 70% First Year: Another 
example is a large downtown office 
building which is about twelve years 
old. This building was modernly 
equipped when erected with an up- 
to-date heating and ventilating sys- 
tem (including boiler plant) but 
regardless of this, steam was pur- 
chased for the heating of the build- 
The boiler plant was kept in 
shape and all ready for operation 
on a moment’s notice. About two 
years ago the owners decided to 
operate their own plant continu- 
ously and their figures show that a 
saving of nearly 70 per cent was 
made in the first year’s operation. 
Another example is that of a down- 
town hotel which was purchasing 
steam at a cost of about $5,000 per 
season; they installed their own 
plant with automatic stoker and 
claim a saving of nearly 50 per cent 
in operation by so doing. 

Temperature Regulation: The 
boiler plant is not the only oppor- 















454 


Heating - Piping 





September, 19. 3 


etAir Conditioning 


tunity to make a saving in operation. There are many 
downtown buildings which have old one-pipe heating 
systems which if modernized with the installation of a 
two-pipe vacuum system with automatic temperature 
regulation, could save from 25 to 40 per cent in the 
operation of the plant. 

I have interviewed many owners and building man- 
agers and they all recognize that these savings could, no 
doubt, be made but most of the buildings are now operat- 
ing at a loss and they will not spend the money for these 
needed improvements. I do not know whether money 
for this private work would be available under the public 
works program or not but if it could be, it would provide 
much needed work for engineers, contractors, and ma- 
terial men if used for modernizing existing systems. 


Plants Both Small and Large Show 


Opportunities for Modernization 


By Alfred Kellogg 


Consulting Engineer, Boston 


HERE are many plants in buildings small and large 

that show savings due to rehabilitation. One con- 
spicuous example follows: 

Central Heating Plant Put in Shape: The central- 

heating plant of a state university provided steam at both 


high and low pressure through an underground cond. it 
system to about twenty buildings within a radius of h 
a mile. 

The writer was called upon, during the month 
August of a recent year, by the business manager | 
the college, who stated that they had an installation « / 
six 100-hp H. R. T. boilers, carrying 100-Ib steam ; that 
one boiler had been installed the previous summer, and 
that the six boilers were so overloaded that they felt 
that something must be done in order to carry them 
through the coming winter, as the state legislature (from 
which funds for a new plant were hoped for) would 
not meet for eighteen months. 

The writer had never seen the plant. He made a one 
day survey of the situation, and as the result, had all 
of the traps of every description, in all of the buildings, 
overhauled and made tight. There was installed an 
open-feed water heater and one new pump, with a few 
minor changes in boiler piping, and some excavation for 
pump pits of considerable size. These were the only 
changes recommended or made in the plant, the cost of 
which was about $8,500. The engineering fee amounted 
to $600. 

Through the following winter, only four boilers were 
put in commission at any time, and there was effected a 
saving in coal of 1,500 tons, costing, delivered, a few 
cents above $10 a ton. This means that, with an invest- 
ment of $9,000, a saving of $15,000 was made during 
the first winter. 

Needless to say, there was no need for rebuilding the 
boiler plant. with two spare boilers available. 





World’s Fair Plant Models 
Show Industrial Processes 


HERE are a number of interesting and instructive 

plant models on display at A Century of Progress, 
Chicago World’s Fair. Three of them which are of 
particular interest to readers of HEATING, PIPING AND 
Arr CONDITIONING are in the Agricultural building. 

A model of the Atlas Brewing Company’s plant com- 
plete in every detail shows the many piping systems in a 
modern brewery, the brew kettles, pumps, coolers, etc. 
A description of the piping services in the brewery of 
which this is a model was published in the April, 1933, 
issue. The National Biscuit Company has a plant on 
display which is unusually complete, even to showing 
the plant office with papers on the desks, typewriters in 
miniature, filing cabinets, etc. Much of the equipment 
is in apparent operation and the bakery process is clearly 
shown. The equipment for controlling temperature and 
humidity—so important in plants of this 
kind—is of course shown. 

The modern production of salt is ex- 
plained in an operating plant model by the 
Morton Salt Company ; this model will later 
become a permanent exhibit in the Rosen- 


Model of salt plant constructed to scale of 
one-half inch to foot at Morton Salt Com- 
pany’s exhibit at A Century of Progress 


wald Museum of Science and Industry at Chicago. It 
has been designed so that anyone inspecting it will start 
at the left, first viewing the piping and derrick con 
struction of a salt well. Just to the right is illustrated 
a brine settling tank, which immediately precedes the 
huge, triple-effect vacuum evaporators. One of these 
evaporators is cut away, and shows clearly the steam 
belt and propeller which agitates the brine. The use 
of pipe lines indicates the flow from these vacuum 
evaporators to the washers and dehydrators. Immediately 
succeeding this building is one housing the open type 
evaporators, with hoods and cut-away sections showing 
the mechanical operations. The method of moving the 
salt over standard belt conveyors is shown from the 
evaporators to the rotary kiln dryers. The salt, after it 
leaves the dryers, is elevated to the top floor of th 
packaging department where it is carefully screened and 
dropped by gravity into storage bins from which it is 


fed to the various packaging machines. 

















The Status of 





By Sabin Crocker® 


Piping Standardization Today 


OME four years ago an article by the writer 
entitled “National Standardization of Piping’” 
appeared in this magazine. That article pre- 
sented some of the reasons for national standardization, 
explained the American Standards Association set-up 
and procedure, gave a brief history of the more im- 
portant piping standardization projects then in existence, 
and enumerated the piping standards already published, 
under way or contemplated. Much of the program 
planned at that time has since progressed to the point 
of release as_ tentative 
standards for criticism by 
industry, or, in some cases, 
has been finally accepted 
and published as Ameri- 
can Standards. The pres- 
ent article, therefore, deal- 
ing with the present status 
of these projects, should 
be of interest and value. 
Piping standardization 
projects can be conveni- 
ently divided into three 
broad classifications, which 
are 


A. Dimensional standards 
RB. Materials specifications 
C. Safety codes 


The first two are mutually 
interdependent, so that 
one could not exist with- 
out the other being at least implied ; the existence of the 
third hangs entirely on the other two. In view of this 
relation, it is convenient to discuss the status of piping 
standardization under the three topics named, and in 
the order indicated. 


Dimensional Standards 


Due to the existence of so large a number of dimen- 
sional standards, it is advisable for reference purposes 
to list those already published in one group arranged 
in the order in which they came out, listing those con- 
templated in a separate group. While this constitutes 
some repetition of the previous article, the convenience 
of having available a complete listing, coupled with the 
changes in status and additional projects which have de- 
veloped in the meantime, seem to warrant such pro- 


*Engineer, The Detroit Edison Company. and Member of Board 
of Consulting and Contributing Editors. Mr. Crocker is Secretary 
of A...A. Sectional Committee B36 on Standardization of Wrought 
Iron and Wrought Steel Pipe and Tubing, and of Subcommittee 
XXII of A.S.7.M. Committee Al, which is responsible for the 
Prep: ration of piping specifications for high-temperature service. 
He a'so is a member of A.S.A. Sectional Committee B16 on Pipe 
Flan es and Fittings, and of Sectional Committee B31 on Code 
for tressure Piping. 
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a Re a sure 
THE STORY of national standardization of piping 
is told and interpreted by Sabin Crocker in this 
series of articles, of which this is the first.......The 
author knows his subject thoroughly, has been actively 
identified with piping standardization for the past 
fen years.......dn addition to the complete list of 
piping standards which have been published and 
which are contemplated, the ‘‘reasons why’’ 


and other valuable comments are given. 


cedure. After completing the enumeration, including 
a brief descriptive note with each listing, more detailed 
explanation will be offered concerning certain items of 
particular interest. 


A. S. A. Piping Standards Already Published. 


Following is a list of Tentative Standards or Ameri- 
can Standards already published. In addition to the 
SSP (steam service pressure) ratings given, most of 

the standards so desig- 

nated have additional pres- 
ratings for non- 
shock hydraulic or other 
services. Until 1931 the 
steam ratings of American 
Standards for piping 
were designated as WSP 


(working steam pres- 
sure), but these initials 


were sometimes mistaken 
for “water service pres 
sure.” Acting on the rec- 
ommendation of the 
Manufacturers Standard- 
ization Society of the 
Valve and Fittings In- 
dustry, the rating designa- 
tions were changed to 
“steam service pressure,” 
which is abbreviated 
SSP: 


Pipe Thread, American Standard Serial No, Ba-1919. Dimen- 
sions of the elements of the American (Briggs) standard taper 
pipe thread, and straight thread and lock-nut threads for pipe, 
formulas for calculating the dimensions of the threads; gage 
and working tolerances; methods of gaging the threads. 

Screw Threads for Fire Hose Couplings, American Standard 
Serial No. B26-1925. Threaded parts of fire hose couplings, 
hydrant outlets, stand-pipe connections, siamese connections, and 
all other special fittings on fire line where fittings of 214, 3, 3%. 
and 4% inches nominal inside diameter are used. 

Cast-Iron Screwed Fittings for Maximum SSP of 125 and 250 
lb, American Tentative Standard Serial No. B16d-1927. Overall 
dimensions, metal thickness, beading, threading. markings. 

Malleable-Iron Screwed Fittings for Maximum SSP of 150 
lb, American Tentative Standard Serial No. B16c-1927. Overall 
dimensions, metal thickness, beading, threading, marking. 

Cast-lron Pipe Flanges and Flanged Fittings for Maximum 
SSP of 125 lb, American Standard Serial No, B1i6a-1928. Over- 
all dimensions, metal thicknesses in flange and body, drilling 
templates, bolting, facing, marking, weights, and material re- 
quirements. 

Cast-Iron Pipe Flanges and Flanged Fittings for Maximum 
SSP of 250 lb, American Standard Serial No. B16b-19028. Over 
all dimensions, metal thicknesses in flange and body, drilling 
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templates, bolting, facing, marking, weights, and material re- 
quirements. 

Steel Flanged Fittings and Companion Flanges for Maximum 
SSP of 100, 300, 400, 600, 900 and 1500 Ib at a temperature of 
750 F, American Standard Serial No. B16e-1932. The 100-lb 
standard is rated for 150 lb at 500 F, and 100 Ib at 750 F. A 
table of pressure ratings for all the steel flange standards ad- 
justed in 50-F steps for temperatures from 500 to 850 F is under 
consideration as explained later. Overall dimensions, including 
those of valves and steel flanged base fittings, metal thicknesses 
in flange and body, drilling templates, bolting, facings, marking, 
test pressures, and material requirements. 

Cast-Iron Long-Turn Sprinkler Fittings, Screwed and Flanged 
for Maximum Hydraulic Working Pressures of 150 and 250 lb 
per sq inch gage, American Standard Serial No. Bi6g-1929. 
Overall dimensions, metal thicknesses in flange and body, thread- 
ing, drilling templates, bolting, facing, marking, material re- 
quirements. 

Cast-Iron Pipe Flanges and Flanged Fittings. for Maximum 
SSP of 25 lb, American Tentative Standard Serial No. B16b2- 
193r. Overall dimensions, metal thicknesses in flange and body, 
drilling templates, bolting, facing, marking, material require- 
ments, and weights. 

Cast-Iron Pipe Flanges and Flanged Fittings for Maximum 
Non-shock Working Hydraulic Pressure of 800 lb, American 
Standard Serial No. B1i6b1-1931. Overall dimensions, metal 
thicknesses in flange and body, drilling templates, bolting, facing, 
marking, and material requirements. 

Installation, Maintenance, and Use of Piping and Fittings for 
City Gas, Serial Number Z27-1933. Applies to the installation 
of gas piping in buildings, and the use of city gas, including 
natural, manufactured, and mixed. 

Identification of Piping Systems, American Recommended 
Practice A1q-1928. Identification of piping systems in industrial 
and power plants, which are not buried in the ground, with 
special reference to personal hazards in. times of accident at a 
plant. 

Wrench Head Bolts and Nuts and Wrench Openings. Ameri- 
can Standard, Serial No, B18.2-1933. Dimensions of bolt heads 
and nuts for three series: American Standard Regular (1927 
American Standard); American Standard Heavy (old U.S.S. 
dimensions used in piping work); American Standard Light 
(Automotive Practice). Table of open-end wrench openings for 
these three series. 

Screw Threads for Bolts, Machine Screws, Nuts, and Com- 
mercially Tapped Holes. American Standard, Serial No. Bra- 
1924. Nomenclature of screw threads; form of threads; diame- 
ters and pitches of screws for various uses; classification of 
thread fits, tolerances, and allowances for threaded parts; and 
the gaging of threads. 


A. S. A. Standards in Preparation. 


The following piping standardization projects are now 
under way. Some have already been published in tenta- 
tive form for comment. 

Screw Threads for Hose Couplings, Serial No. B33- . Di- 
mensions of screw threads for small hose couplings, ranging from 
14-inch to 2-inch nominal size, intended for: garden hose; chem- 
ical hose; fire-protection hose other than chem- 
ical service; steam, water, and air hose with 
fine threads; and hose couplings with coarse 
threads. 

Wrought-Iron and Wrought-Steel Pipe, Pro- 
posed American Tentative Standard Serial No. 
B36- Outside diameters, wall thicknesses, 
weights, tolerances, and materials of wrought- 
iron and wrought-steel for several schedules of 
1000 P/S values ranging from 10 to 160. The 
processes of manufacture covered include furnace- 
welded, forge welded, seamless, electric fusion- 
welded, electric resistance-welded, riveted, and 
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lock-bar pipe. 

Cast-Iron Flanged Ammonia Fittings, Serial No. B16h. 

Center-to-Face Dimensions of Ferrous Flanged Valves, Se, al 
No. Br6. A partial schedule of center-to-face dimensions >r 
cast-iron and steel flanged valves in the various pressure sta: d- 
ards from 125 to 1500 lb SSP. 

Malleable-Iron or Steel Unions (Brass Seat) for a Minimum 
Steam Pressure of 300 lb, Serial No. B16). 

Forged Steel Screwed Fittings and Steel Pipe Plugs. The 
preparation of standards for these articles is under consideration, 

Cast-Iron Pipe and Special Castings, Serial No. A2!I-. Ma- 
terial, dimensions, pressure rating, methods of manufactur 
elimination of unnecessary sizes and varieties, types of joint. 

Plumbing Equipment, Serial No. Ago. Materials, uniform- 
ity of roughing-in dimensions, efficiency of operation and other 
performance specifications. This sectional committee has re- 
cently issued a proposed standard for Brass Fittings and Flared 
Copper Tubes, Serial No. Ago-. Overall dimensions, metal 
thicknesses, screw thread data, gaging data, and nut dimensions. 

Proposed American Standard Steel Welding-Neck Flanges 
for minimum SSP of I00, 300, 400, 600, 900 and 1500 lh at 
750 F. Overall dimensions, metal thickness of flange and hub, 
and facing. It is intended that this standard be added to the 
standard for Steel Flanged Fittings and Companion Flanges of 
which the material requirements, marking, test pressure, etc., 
will apply to the welding-neck flange standard. 

Proposed American Standard Pipe Plugs of Cast Iron, Malle- 
able Iron, Cast Steel, or Forged Steel for Use in Connection 
with Fittings Covered by American Standard 125-lb and 250-lb 
Cast-Iron Screwed Fittings and American Standard 150-lb Mal- 
leable-Iron Screwed Fittings. Overall dimensions, metal thick- 
ness, and threading for.square head, bar or slotted head, and 
countersunk head patterns in nominal pipe sizes from % to 
3% inches. 

Steel Flanges and Flanged Fittings for 2,500 and 3,500 Ib 
SSP and Standardization of Blind Flanges. These proposed 
standards will contain information ‘similar to that now in- 
cluded in the standard for steel flanged fittings and companion 
flanges and when completed, will probably form a part of it. 

Brass and Bronze Pipe Fittings. 

Bushings of Brass, Cast Iron, 
Forged Steel. 


a 


Malleable 


Iron, Cast and 


Many of the standards listed above have been in 
general use and are so well known that little need be 
said about them here. There are a number of points 
of interest, however, in connection with the newer 
standards and the proposed standards which merit fur- 
ther attention. This will be done under separate head- 
ings referring to individual standards. 


Steel Flanged Standard 


The American Standard for Steel Flanged Fittings 
and Companion Flanges was first published as a tenta- 
tive standard in 1927, and re-published as an American 
Standard in 1932. The principal changes were: the 
addition of tables giving complete dimen- 
sions for companion flanges; the addition 
of base fittings; and a revision in the bolt- 
ing requirements to call for American 
Standard Heavy Dimensions for Nuts 
which were included by Sectional Com- 
mittee B18 in its new American Standard 
B 18.2-1933 for Wrench Head Bolts and 
Nuts, and Wrench Openings. 

An interesting development now under 
consideration, and which probably will 
be approved for addition to the stand- 
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Fig. 1—Possible method for establishing allow- 
able steam service pressure ratings for tempera- 
tures above and below the assumed design tem- 
perature of 750 F for carbon and low alloy steels 


ard in the near future, is a table of adjusted steam- 
pressure ratings for temperatures above and below the 
basic temperature of 750 F. Consideration of such 
a table came about through a request from the A. S. 
M. E. boiler code committee for permission to use the 
steel flange standards at higher than the rated pressures 
at 750-F steam service in cases where the steam tem- 
perature was considerably below 750 F. This request 
was referred by Sectional Committee B16 to its Sub- 
committee 4 on Materials and Stresses, and to the 
American Society for Testing Materials for joint con- 
sideration. About the same time, Sectional Committee 
336 on Pipe desired to have reduced pressure ratings 
set for pipe made to A. S. T. M. Specification A106 
when used at temperatures above 750 F, and made such 
a request to the 4. S. T. M. In view of the comple- 
mentary nature of these requests, it was decided to 
consider them as a single problem involving the proper- 
ties of metals at elevated temperatures. As the ma- 
terials in question were carbon steels not of a composi- 
tion ordinarily used for extremely high temperatures, 
it was decided to work out a table of adjusted pressure 
ratings for temperatures from 500 to 850 F. To cover 
higher temperatures, the note previously in the A. S. 
T. M. specifications used in connection with the steel 
flange standards, which reads to the effect that “at the 
discretion of the designing engineer higher temperatures 
with appropriate pressures may be used,” was retained. 

In arriving at a reasonable schedule of adjusted 
pressure ratings at temperatures other than 750 F, a 
thorough study was made of published creep data and 
available experience in the use of the steel flanged stand- 
ards at such temperatures. The boiler code committee 
had already published a schedule of reduced allowable 
working stresses for temperatures up to 950 F.2. R. W 
Bailey of the Metropolitan Vickers Co. (England) had 
pointed out a way for reconciling inconsistencies between 
the creep data of different investigators by expressing 
creep strength at a series of temperatures as percentages 
of the strength at some lower temperature.* Where creep 
data analyzed by Mr. Bailey’s method was compared 


“Mechanical Engineering, May, 1932, p. 370. 
Engineering, February 21 and March 7, 1930. 


Table 1—Adjusted Service Pressures for Power Piping at Tem 
peratures Below and Above 750 F 





Ste,M SERVICE | 
Pressure Rat- 100 | 300 | 400 | 600 | 900 1500 
Inc at 750 F | | 
_ SERVICE | 
TEMPERATURE, | Apsustep Service Pressures 
_ Decrees F 
500 150 370 | 500 720 1080 1800 
550 120 360 | 480 720 1080 1800 
600 115 | 350 | 460 700 1040 | 1740 
650 110 330 | 440 | 670 1000 | 1660 
700 105 315 | 420 | 630 950 | 1580 
750 100 300 | 400 600 | 900 | 1500 
800 R5 250 | 325 500 | 750 | 1250 


850 70 200 | 270 | #400 | 600 | 1000° 








with the boiler code values, the results agreed most 
encouragingly. For temperatures below 750 F, experi- 
ence with boiler-feed lines and 500-F service with the 
150-lb steel flanged standard offered a satisfactorily re 
liable criterion for design. These data, which are plotted 
in Fig. 1, were deemed by the joint subcommittees 
working on the problem to be sufficient basis to estab- 
lish safe working stresses at temperatures from 500 to 
850 F. 

Analysis of the formulas used in the design of pipe, 
fittings, flanges, and bolting used in connection with 
the steel flanged standard indicated that pressure ratings 
could be adjusted to temperature in identically the same 
manner as allowable stresses. Hence it was decided to 
recommend a table of adjusted service pressures at 
temperatures from 500 to 850 F based on the curves 
shown in Fig. 1. These adjusted pressure ratings are 
shown in Table 1. 


[Future articles in this series will discuss wrought iron and 
wrought-steel pipe standards, dimensions of welded and seam 
less steel pipe, boiler-code pipe formulas, materials specifications, 
the proposed code for pressure piping, etc.—Editor.]| 





Study Course in Air Conditioning 


In cooperation with the New York board of education 
the New York City heating, piping and air conditioning 
contractors’ educational committee is offering, without 
charge, a course of study in air conditioning, refrigera- 
tion, and steam engineering. Registration will be Sep- 
tember 18, 19, and 22, 7:30 to 9:00 p. m., at the Brooklyn 
evening technical school and the Stuyvesant evening 
trade school. Classes open September 25. The instruc- 
tors are Harold L. Alt and John Everetts Jr. 








Heat Loss from Copper Pipin 


Tables Show Transmission of Heat 


from Copper Pipes and Tubes 


...dnsulation, Lacquering Discussed 


CONFUSION exists—to some extent—on the subject 
of heat loss from copper pipe and tubing and its 
insulation. Here is an article which, with the 
accompanying tables, puts the problem on an 
engineering basis.......The author is an authorily 
on heat transmission and insulation, has been 
engaged in research along these lines for some 
years. Many of the tests which yielded the data 


given here were made especially for this article. 





Fig. 1—Emissivity coefficients for bare and lacquered copper 
surfaces at various temperatures 





By R. H. Heilman* 

OPPER tubing has become popular recently for 
conveying low-pressure steam, and hot and cold 
water. In some instances elaborate claims have 

been made as to the saving in heat by the use of copper 
pipes as against black steel pipes. Quite often copper 
pipes have been left uncovered, where the use of a 
suitable covering would have resulted in a very profit 
able investment for the owner. It is therefore the pur 
pose of this paper to give the results of emissivity de 
terminations made at Mellon Institute, from which the 
heat transmission from the surface of copper tubes and 
pipes has been calculated for various sizes and tempera 
tures. From these determinations the heat transfer of 
copper and steel pipes can be compared. 


Transmission of Heat from Copper Tube 


Heat is transmitted from the surface of a copper tube 
to the surrounding air and walls by radiation and con 
vection. The heat transmitted by free or natural con 
vection is dependent upon the diameter of the tube, the 
temperature difference between the tube and the sur 
rounding air, the average temperature of the tube and 
surrounding air and the position of the tube. 

For horizontal tubes the transmission can be ex 
pressed by the formula 

ge = 1.016 (1/D)°* (A/T avg.)°™ A t*™ Btu per sq ft per 
De. cWe pancindd aha As bas wae a Ae, 
where D = outside diameter of tube in inches. 
T avg. = average temperature of tube and air, F absolute 
A t = temperature difference between tube and surround- 
ing air, F. 
The heat transmitted by radiation depends upon the 
nature of the surface of the tube and the difference 
between the fourth powers of the absolute temperatures 
of the tube and surrounding walls. The transmission 
by radiation can be expressed by the formula 


qe = 17.23 10°" KX e (T:*—T:*) Btu per sq ft per 
EE ee Bn nee ee kee ie re ee ee e (2) 


where e¢ = emissivity of surface. 
T; = absolute temperature of tube, F. 
’: = absolute temperature of surrounding walls, F. 
From the above, it is seen that-the heat loss by f1 
convection is the same for copper and steel pipes for a 


*Senior Industrial Fellow, Mellon Institute of Industrial 
search, Pittsburgh, Pa. 
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given O. D. of pipe. However, the outer diameter of 
a copper tube of a given nominal pipe size is usually 
less than a steel pipe and the loss by convection per 
lineal foot of tube is therefore less than the convection 
loss from the same nominal size steel pipe. This differ- 
ence is usually small, since it is proportional to the out- 
side diameters of the two materials. 

The main difference in the heat transfer between the 
copper and steel pipes is due to the decrease in radiation 
from the copper pipe. Since the radiation under given 
temperature conditions is directly proportional to the 
emissivity of the surface, it is seen that the lower the 
emissivity or the brighter the surface of the tube the 
lower will be the radiation loss. New copper pipe hav- 
ing a bright, more-or-less polished surface will therefore 
have a lower rate of heat transmission than a_ black 
steel pipe having a higher emissivity coefficient. If the 
copper tube is kept bright and clean and is not allowed 
to tarnish, the rate of heat transmission will be kept 
low. However, if the pipe becomes tarnished, the emis- 
sivity coefficient will increase and the heat loss by radia- 
tion will increase in direct proportion to the increase 
in the tarnish. New copper pipe will therefore transmit 
much less heat than old tarnished pipe. It is impossible 
to calculate accurately the heat transfer from copper 
pipes in the various stages of tarnish without knowing 
definitely the emissivity value at any given period. The 
tarnish is no doubt affected in many ways and in some 
instances the pipes may tarnish very rapidly. 


Emissivity Value of Copper Determined 


In order to have definite emissivity values for bright 
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emissivity of copper plate by means of a radiometer, 
which has been previously described.’ 

The emissivity values given in this paper are total 
emissivities, or for all the wave-lengths emitted at a 
given temperature. The emissivity of a surface can be 
defined as the ratio of the intensity of the radiation it 
emits, to the corresponding intensity of black 
radiation at the same temperature. The emissivity of a 
“black body” is unity, whereas the of any 
other body is always less than unity. 

The emissivity values at various copper temperatures 
were determined for new copper plate and for old 
copper plate. The new copper plate tested was the 
brightest that could be procured and the old copper 
plate was considerably tarnished, but still retained con- 
siderable reflecting power. 


body 


emissivity 


Discussion of Results 


The results of the determinations are 
shown in Fig. 1. The heat losses from ™%4-in. to 6-in. 
diameter copper pipe of iron-pipe sizes have been calcu- 
lated from the emissivity determination on the bright 
and wer copper plates by the use of Equations 

rand 2. The results of these calculations are given in 
Table 1 Similar calculations have been made for ™%-in. 
to 6-in. diameter copper tubes and the results are shown 
in Table 2. For comparison, the losses from horizontal 
bare iron or steel pipes are given in Table 3. 

From the results of the emissivity determinations, it 
would seem that the heat losses as calculated for the new 
copper plate would be an absolute minimum and would 
probably never be obtained in practice as the new copper 


emissivity 














: - ° : . “Surface Heat Transmission,””’ by R. H. Heilman. Trans. A P 
and tarnished copper, the writer has determined the Soc. Mech. Eng., FSP51, 287 (1929). — a 
Table 1—Heat Losses From Horizontal Bare Copper Pipe 
(In Btu per square foot of pipe surface per hour. Air temperature 7o I) 
Pree AcTUAL LIVEAL Temeprature Dirrerevce Berweey Pree SurPace avo Surrgovuvpive Arr 
Sze, O.D. Foor OF 100 F 150 F | 209 F 250 F 300 F 350 F 
INCHES INCHES Factore Ba Tb 5 = B T B T B T B I 
ly 0.84 0.220 51.8 73.0 123 173 205 291 295 428 396 594 | 508 759 639 957 
a | 1.05 | 0.275 49 7 70.9 118 168 197 283 283 416 378 576 489 740 616 934 
l 1.315 | 0.344 | 47.8 69 0 113 163 187 275 272 405 363 561 471 722 594 912 
14 1.660 0.435 45 8 67.0 109 158 181 267 261 394 349 547 | 452 703 571 SY 
1% 1.900 0.498 44.7 65.9 106 156 177 263 254 388 340 538 442 693 | 559 877 
2 2.375 0 622 42.9 64.1 102 152 170 256 244 378 327 525 425 676 539 857 
214 2.875 0.753 41.5 62.7 98.3 148 164 250 236 370 316 5l4 412 663 523 R41 
3 3.500 0.917 | 40.0 61.2 95.0 145 158 245 228 362 | 306 504 399 640 | 507 825 
3h 4.000 1 047 39.1 60.3 92.6 142 154 241 223 356 299 497 | 390 641 | 496 814 
t 4 500 1.179 | 38.3 59.5 90.8 141 151 238 218 352 293 491 | 382 633 487 805 
i! 5.000 1.310 37 6 58.8 89.1 139 148 235 214 348 287 485 | 376 627 | 479 797 
5 5.563 | 1 458 36.9 58.1 87.4 137 146 232 210 344 282 480 369 620 471 789 
LD 6 625 1.736 35.8 57.0 84.7 135 141 228 204 336 274 472 359 610 459 777 
‘Bright. "Tarnished. “To secure losses per lineal foot, multiply square foot losses in table by this factor. 
Table 2—Heat Losses From Horizontal Bare Copper Tubes 
(In Btu per square foot of tube surface per hour. Air temperature 70 F) 
>rvseE ACTUAL LINEAL : TEMPERATURE DIFFERENCE Between TUBE SurFACE AND SURROUNDING AIR 
Size, Oo. D Foor | 50 F ¥ 100 F l 150 F 200 F 250 F 300 F 350 F 
INcHEs INCHES Factore | Ba T> | &B B t | | &B 1 B T 
aad SEE asl aaa - = 
0.625 0.164 54 7 75.9 ir 130 180 | 216 303 311 444 | 415 613 | 535 786 672 990 
0.875 0.229 | 51.5 72.7 122 172 | 203 290 293 426 | 391 589 505 756 635 953 
l 1.125 0.293 49.1 70.3 117 167 194 281 | 280 413 | 373 571 483 734 609 927 
1'; 1 375 0.360 47.4 68 6 112 162 | 187 274 270 403 | 360 558 467 718 589 907 
l 1 625 0 426 45.9 67.1 109 159 | 182 268 | 262 395 | 350 548 454 705 573 891 
- 2.125 0.556 43.8 64.0 104 154 173 260 | 249 383 | 334 532 433 684 549 867 
- 2 625 0.687 42.1 63.3 100 150 167 253 240 374 | 322 520 418 669 530 848 
‘ 3.125 0 818 40 8 62.0 96.7 147 161 248 232 366 311 509 405 656 515 833 
3.625 0 949 39.8 61.0 94.3 144 | 157 244 227 360 304 502 396 647 504 $22 
. 4.125 1.079 | 38.9 60.1 92.2 142 | 154 240 222 355 297 495 388 639 404 812 
7 5.125 1 341 37.4 58 6 88 7 139 | 148 234 213 347 286 484 374 625 482 795 
‘ 6.125 1.603 36.2 57.4 85 9 136 143 230 207 340 276 476 363 614 464 782 
B cht. Tarnished. *To secure losses per lineal foot, multiply square foot losses in table by this factor. 
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Table 3—Heat Losses From Horizontal Bare Iron Pipes 


(In Btu per square foot of pipe surface per hour. 


Pipe ACTUAL LINEAL 
Size, Oo. D. Foor | 
INCHES INCHES | FacTor< 50 F 100 F 
Sad bateet 
4 0.84 0.220 124 270 
4 1.05 0.275 118 257 
1 | 1.315 | 0 344 114 | 250 
1% 1 660 0 435 112 245 
1% 1.900 0 498 110 241 
2 2.375 0 622 107 235 
2% 2.875 0.753 104 | 229 
3 3.500 0 917 102 | 225 
3% 4.000 1 047 101 22 
4 4.500 | 1.179 100 219 
4% 5.000 1.310 | 99 217 
5 5 563 1 458 98 215 
6 6.625 1.736 97 213 


| 
| | 


TeMPeRATURE DirreReNce Between Pire SuRFACE AND SURROUNDING AIR 


Air temperature 70 F) 





150 F | 200 F 250 F 300 F 350 F 
443 642 877 1152 1470 
420 614i 840 1104 1414 
410 600 822 1080 1382 
402 588 808 1062 1361 
396 580 797 1050 1348 
387 570 785 1035 1327 
378 556 765 | 1011 1298 
371 546 750 993 1291 
365 538 743 981 1263 
360 532 735 972 1253 
357 526 730 966 1245 
354 522 725 960 1239 
351 518 720 954 1232 





*To secure losses per lineal foot, multiply square foot losses in table by this factor. 


plate as received had an emissivity value actually lower 
than was previously obtained for a polished brass plate 
under the same temperature conditions. And since the 
plate tested was especially selected for brightness, it is 
reasonable to expect that the emissivity values obtained 
would be somewhat lower than would ordinarily be ob- 
tained for clean new copper tubes or pipes. 


Comparison with Other Tests 


It is desirable to compare the tests of Willard and 
Kratz* on clean new sheet copper and slightly dull 
copper, and the tests of Houghten and Gutberlet* on 
new copper as received, with those of the writer. The 
tests by Willard and Kratz were performed on cylinders 
10 in. in diameter made up from No..28 gage copper 
and heated to 215 F with steam. The tests by Houghten 
and Gutberlet were performed on, as received, copper 
tubes 34-in. to 4-in. in diameter, with steam at 212.3 F 
to 213.5 F. Since the writer’s tests were conducted over 
a considerable temperature range, the emissivity at 213- 
215 F can be taken from Fig. 1. Tests by the above 
observers were also made on iron surfaces, the emis- 
sivity values of which were more accurately known. 
Heat losses obtained from the iron surface tests checked 
very satisfactorily with Equations 1 and 2 developed by 
the writer, and emissivity values calculated from the 
tests on copper surfaces by means of the same equa- 
tions should, therefore, be fairly accurate. The results 
of the actual tests and the calculations are shown in 
Table 4. 

Comparing the emissivities, it is seen that the 34 and 
l-in. new copper tubes had emissivity values as received 
of 0.50 and 0.48 respectively or higher than the tar- 
nished plate whose emissivity under the same tempera- 
ture conditions was 0.44. The emissivity of the 1%-in. 
tube was slightly lower, and that of the 4-in. tube was 
considerably lower than the tarnished plate but almost 
four times higher than the bright copper plate whose 
emissivity was 0.07 at 213 F. The slightly dull 10-in. 
diameter sheet copper cylinder had an emissivity value 
approximately 20 per cent higher than the tarnished 
plate, while the clean new sheet copper and the re- 
cleaned like new sheet copper in the 10-in. cylinder had 
emissivity values slightly lower than the tarnished cop- 

2Journal Section of the A. 8S. H. V. E., HEATING, PIPING AND 
Atrk CONDITIONING, February, 1931 page 141. 


‘Journal Section of the A. S. H. V. E., HEATING, PIPING AND 
AIR CONDITIONING, January, 19232, page 47. 


per plate. With the exception of the 4-in. tube, all the 
tests on the new copper surfaces indicate emissivities 
close to that of the tarnished plate. If the values of U 
(or the combined heat transmitted by radiation and con- 
vection in Btu per hr per sq ft per F) are compared 
with the calculated U values, based on an emissivity 
value of 0.44, the results are even closer, as would be 
expected since the transmission by the two methods are 
combined. 


Summary 


In any practical case the total transmission by radia- 
tion and convection has to be considered and from the 
results of the above it can be reasonably concluded that 
in most practical cases the heat loss from new clean 
copper pipes and tubes will be close to those shown in 
Tables 1 and 2 for.tarnished copper, even where care is 
taken to keep the copper pipe absolutely clean. In a 
great many cases the pipe is soiled with pipe compound, 
handling with soiled gloves, etc. If this material is not 
removed from the pipes, the heat losses will be greatly 
increased. It is believed that after the pipes have been 
in service for some time and have become considerably 
tarnished that the losses will be somewhat higher than 
those shown in the tables. 

It should also be borne in mind that the effect of the 
emissivity of the pipe becomes increasingly important 
as the diameter and the temperature increase, as the 
convection per square foot of surface decreases as the 
diameter increases while the radiation loss per square 
foot remains the same, and the radiation increases with 
temperature more rapidly than the convection. 


Lacquering of Copper Pipes to Prevent Tarnishing 
Increases Heat Loss 


The above discussion points out some of the varia- 
tions in heat loss that might be expected with copper 
pipe and indicates to some extent why there is some 
confusion as to the actual value of copper piping in 
preventing heat loss. 

In a recent article in another magazine the author 
quotes a contractor writing about a job as follows: 

“The mains installed in the concrete pipe conduits and under 
the concrete floors were covered with three-ply air cell sec- 
tional insulation. All other pipe in the boiler room (including 
the steam header) was cleaned off, polished and given a «oat 
of white lacquer. 
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“In our experience, we have found that the necessity for cov- 
ering depends upon conditions entering into the installation. We 
find that in boiler rooms where copper piping is polished and 
lacquered to retain its bright surface, there is little evidence 
of radiation and heat loss. In fact, we should say that the 
results are slightly better than when three-ply air cell insulation 
and black iron pipe is used. 

“What would happen to uncovered piping which is allowed 
to accumulate dust and become rough is a matter outside of our 
experience. The writer believes that with copper piping prepared 
in some ways to retain its high polish, or, if exposed, so that it 
can be wiped clean periodically, covering is unnecessary. If, 
however, copper piping is concealed where the above is impos- 
sible, we feel the covering is necessary.” 


It is difficult to reconcile the statement, “that when a 
copper pipe is polished and given a coat of white 
lacquer that there is little evidence of radiation and heat 
loss,” with the fact conclusively proved by numerous 
investigators that, when a copper or any other pipe is 
coated with a lacquer of any color, the heat transmitting 
properties are immediately increased to practically the 
same as that of a black iron or steel pipe. 

Tests conducted by the writer in 1929 showed that, 
at a temperature of 200 F, both white and black lacquer 
had an emissivity value of 0.95, while that of a steel 
plate was exactly the same. At a temperature of 100 F, 
the black and white lacquer had an emissivity of 0.80. 
The increase at 200 F was due to the fact that at a 
temperature of 200 F the lacquer had lost considerable 
of its lustre and was therefore emitting radiant heat at 
nearly as high a rate as a perfectly black body. 

Since the steam header in the installation referred to 
by the above-quoted contractor was given a coat of white 
lacquer the minimum temperature of the lacquered pipe 
would be 212 F and the steam header would, therefore, 
be emitting heat at the same rate as a black iron pipe 
would under the same steam temperature. The size of 
the steam header is not mentioned, but if we take a 2-in. 
pipe (which is probably considerably smaller than the 
header installed), for example, we find by interpolation 
from Table 3 for 142-F temperature difference that the 
heat loss from the white lacquered surface is 363 Btu 
per sq ft of surface per hr. The heat loss through 
three-ply air cell on a 2-in. pipe under the same condi- 
tions would be approximately 113 Btu per sq ft per 


Table 4—Results of Tests on Emissivity of Copper Surfaces 








SouRcE MATERIAL | Size, 
| IN. u u’ e e 
Houghten & | ar = 
Gutberlet New copper as received | %| 2.01 | 1.91 | 0 50 | 0.44 
Houghten & | | | 
Gutberlet | New copper asreceived | 1 | 1.91 | 1.85 | 0.48 | 0.44 
Houghten & } 
Gutberlet | New copper as received 1%| 1.76 | 1.80 | 0.41 | 0.44 
Houghten & | 
Gutberlet | New copper as received 4 | 1.32 | 1.58 | 0.27 | 0.44 
| | 
Willard & Sheet copper, slightly dull,| 
Kratz | not corrod |} 10 | 1.58 | 1.45 | 0.53 0 44 
Willard & | Sheet copper, re-cleaned-| | | | 
Kratz | slike new | 10 | 1.39] 1.45 | 0.40 | 0.44 
Willard & Sheet copper, clean new! 
Kratz surface 10 | 1.41 | 1.45 | 0.42 | 0.44 


| | 





M Btu per hour per square foot per F steam to air, test results. 
“ Btu per hour per square foot per F steam to air. 
calculated from Heilman equations where e = 0.44. 
e Emissivity of copper surface calcu'ated from Heilman equations. 
e Emissivity of tarnished copper, Heilman tests. 
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hr, a saving of 250 Btu per sq ft per hr, or an efficiency 
of 69 per cent, which certainly is worth while, especially 
where a considerable amount of piping is involved. 

If the piping had not been lacquered, the loss from 
the bare copper pipe would have been considerably less, 
the loss for a 2-in. pipe when first installed, using an 
emissivity value of 0.44, being by interpolation 239 Btu 
per sq ft per hr. As mentioned before, an emissivity 
value of 0.44 is approximately the average value that 
might be expected for new copper pipes as installed. 
For the new copper pipes as installed, the use of three- 
ply air cell insulation would cut the loss down to less 
than one-half of the loss from the bare copper pipe. 

If the copper pipes had been lacquered with clear 
lacquer, the heat losses would be less than for the white 
lacquer but still considerably higher than for the un- 
lacquered surface. 


Tests Made on Lacquering Copper 


Fig. 1 shows the results of tests conducted by the 
writer on various lacquers and aluminum paint on cop- 
per surfaces. The 1929 tests of the white lacquer were 
again determined with another lacquer and substantially 
the same results were obtained. At 100 F, the emis 
sivity was 0.79, while at only 150 F the value had in- 
creased to 0.93. Various conducted with 
clear lacquer as former tests had indicated that on 
bright surfaces the use of very thin coats resulted in 
a much lower emissivity value than was obtained for 
the thicker coats. This is no doubt due to radiant energy 
being emitted from both the copper and the lacquered 
surfaces when a very thin coat of lacquer is applied. 
It was also noticed that, with the thin coats, the emis- 
sivity value decreased as the temperature of the surface 
increased, which was not the case with the bare metal 
or the thicker coat of white lacquer. The decrease is 
no doubt due to the fact that at the higher temperatures 
the wave lengths most strongly emitted become shorter 
and can therefore more readily penetrate the very thin 
lacquer film. This phenomenon might be utilized for 
the measurement of film thickness or the spacing or par- 
ticle size of materials composing the film. 

In the first tests, the clear lacquer was applied to the 


tests were 


ig. 2—Thermopile 
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very bright copper plate with a small camel’s-hair brush 
so as to obtain as thin a film as possible. One ex- 
tremely thin film increased the emissivity value at 150 F 
from 0.07 to 0.37 or more than five-fold. Two thin 
coats increased the value to 0.64 or more than nine times 
that of the bright copper. When the tarnished copper 
plate was coated with one thin coat of clear lacquer, the 
emissivity value was increased from 0.43 to 0.64 and 
two thin coats increased the value to 0.84. 

It is advisable to paint small copper or iron pipes such 
as 4 in., which are often not insulated, with aluminum 
paint made from polished aluminum powder. This 
gives an emissivity value considerably lower than the 
average of new copper pipe and is more or less per- 
manent; the small pipes in the basement of the writer’s 
residence have been painted for several years and the 
aluminum paint appears to be practically the same as 
when first applied. The use of aluminum paint places 
iron pipes on the same basis as copper in regard to heat 
transmission. The aluminum paint is advocated only 
for the small pipes as the total surface area is usually 
small, while the convection and the radiation from the 
larger pipes is usually great enough to warrant the use 
of heat insulation, even for the lower temperatures used 
in hot-water heating systems. 


Economical Insulation Thickness Same for Copper 
or Iron Pipe 


Many engineers are under the impression that the 
economical thickness of heat insulation for copper pipes 
is less than that for iron pipes. This is not the case 
where copper pipe of iron-pipe size is used, for when 
the insulation is applied to the copper pipe the lower 
radiating effect of the copper surface—purely a prop- 
erty of the surface—is eliminated and the loss through 
the insulation is the same as when applied to the iron 
pipe. 

However, the use of copper pipe will, for low-tem- 
perature conditions or for very low values of heat, give 
a saving over a bare iron pipe which would obviate the 


use of insulation. The conditions where this occu: s 
would be determined from the value of the heat lo: 
operating conditions, etc., as there are conditions whe 
even with iron pipe it does not pay to insulate. Th 
use of copper pipe would, therefore, allow for a higher 
temperature or higher fuel cost before insulation wou'd 
be required. When the temperatures and fuel costs are 
high enough that a worthwhile saving can be obtained 
by the use of the thinnest covering procurable over that 
of the bare copper, then the economical thickness does 
not have any relation to the nature of the pipe as the 
economical thickness is determined by that thickness of 
insulation which gives the lowest annual operating cost 
or by the last increment of thickness of insulation which 
will return, say, 15 per cent on the investment and, in 
this case, the loss from the bare pipe does not enter into 
the problem. 

Where copper tubing is used having a diameter less 
than the nominal iron-pipe diameter, the heat loss 
through a given thickness of insulation will be less per 
square foot of surface for the iron surface but will be 
less per lineal foot of copper surface. For instance the 
loss per lineal foot of 1.125-in. O. D. tube covered with 
l-in. thick insulation will be roughly 10 per cent less 
than the loss per lineal foot of standard iron pipe with 
the same thickness of insulation. As the diameter in- 
creases the ratio of heat loss greatly decreases so that 
for the larger sizes there is little difference in heat loss 
between the insulated iron pipe sizes and the insulated 
copper tube sizes. 

For cold-water lines below room temperatures or 
where the heat is flowing into instead of out of the 
pipe, the problem is largely the prevention of sweating 
and frosting. In this case, insulation is always neces- 
sary and it is also advisable to use the same thickness 
for copper pipes or tubes that is recommended for 
iron pipes. 

For most practical cases in which either copper 01 
iron is used, a l-in. thickness of insulation is recom 
mended for cold-water lines and for low-pressure stean: 
lines, 


_ 





U. S. Civil Service Examinations 


The United States Civil Service Commission an- 
nounces the following-named open competitive examina- 
tions: Senior Engineer, Engineer, Associate Engineer, 
Assistant Engineer. Applications must be on file with 
the U. S. Civil Service Commission at Washington, 
DD. C., not later than September 28, 1933. The examina- 
tions are to fill vacancies occurring in the Federal classi- 
fied service throughout the United States. Entrance 
salaries range from $2,600 to $5,400 a year, less a de- 
duction of not to exceed 15 per cent as a measure of 
economy and a retirement deduction of 31% per cent. 

Optional branches are aeronautical, agricultural, civil, 
construction, electrical, heating and ventilating, highway, 
mechanical, mining, radio, structural, and telephone en- 
gineering. Competitors will not be required to report 
for a written examination, but will be rated on their 
education and experience. Applicants must have had 
certain specified education and experience in engineering. 


Full information may be obtained from the Secretar\ 
of the United States Civil Service Board of Examiners 
at the post office or customhouse in any city, or from the 
United States Civil Service Commission, Washington. 





Handbook of Chemistry and Physics 


Some 1700 pages of tabular data on chemistry, 
physics, and allied sciences are contained in the seven- 
teenth edition of the “Handbook of Chemistry and 
Physics” published by the Chemical Rubber Publishing 
Co., Cleveland, Ohio. Among the new tables in this edi- 
tion are integrals and interest tables in the mathematical 
section. The sections devoted to heat of formation and 
solution and vapor pressure have been revised. A table 
showing the variation of vapor pressure with tempera- 
ture has been added. 

This standard handbook is divided into a number of 
sections, including heat, properties of matter, hygro- 
metric and barometric, sound, and others. Price of (\ 
deluxe edition is $6.00. 
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Fig. 1—The 22 East 40th St. building of the New York 
Trust Company, several floors of which were modern- 
ized with air conditioning to accommodate the gen- 
eral headquarters of the Johns-Manville Company 


RUE as it was in more prosperous times, it is even 
more so today—that high rentals go to the most 
modern office buildings; buildings that cater to 
the comfort of the occupants. They are characterized in 
general by acoustical wall, floor, and ceiling treatment, 
by high wattage indirect lighting, and air conditioning. 
Though air conditioning is the most recent of office 
improvements to gain general attention, it goes hand in 
hand with the others. No office space can boast of its 
sound-absorbing construction or its shadow- and glare- 
free lighting, if in the face of these innovations, its 
occupants swelter in a summer heat or stir restlessly in 
discomfort in the winter dryness of overheated rooms. 
Air conditioning need not be built into a building as 
part of the original construction. It may be added later 
to the completed building, to the old building, with almost 
as little difficulty as any other form of “modernization.” 
It is true that (aside from first cost and operating costs ) 
the selection of air-conditioning equipment does involve 
such considerations as operating noise, space require- 
ments, and flexibility, all complicated in the case of an 
existing building by a further consideration—the extent 
of building alterations necessary to accommodate the 
installation. However the problem is a “paper problem,” 
and once it has been solved, the installation may be 
accomplished with ease and economy. As there are many 
types of office layouts, there are many combinations of 
re/rigeration, air distribution, and control equipment to 
make many types of air-conditioning systems. And 
there is always the right one for the job. 


Factors Considered on the Job 


he installation at the 22 East 40th St. building of 
ngineer, Sturtevant Cooling and Air Conditioning Corpora- 
tic New York City. 





Conditions Air for 
Six-Floor Tenant 


Office Building Modernized 
With Air-Conditioning System 


| By M. OC ‘onnelt*| 


THE MODERN office building provides conditioned 
air for the comfort and efficiency of its occupants. 
Existing buildings can be modernized to advantage 
with air conditioning.......An excellent example is 
the job described here, where several floors 
of a two-year-old building were equipped 


to furnish conditioned air for a tenant, 


a atin nee etn eee een 


the New York Trust Company is an excellent example 
of modernization with air conditioning. It was made 
in a building over two years old at the time. Steam-jet 
refrigeration was selected because the building was 
already supplied with district steam for heating, and 
steam was available in summer at such low rates as to 
make the operating cost lower than with other types 
The refrigeration equipment had to be located in the 
basement adjoining bank safety-deposit rooms and there- 
fore had to be quiet. Steam refrigeration is relatively 
It is vibrationless and the rushing sound 
which characterizes it is easily lagged and will not 
travel through building construction. 

A cooling tower was decided on as a condenser-water 
economy measure. It could not be located on the roof 
without expensive reinforcing of the roof floor to sup 
port its weight, and as the only available roof area is 
forty stories above the basement much cutting and patch- 
ing would have been required for the condenser-water 
piping and excessive water static pressures would result 
in the pipe lines and condenser. 
therefore located in the basement and is a forced-draft 
type discharging into a convenient shaft; the shaft is 


noiseless, 


The cooling tower was 
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one of those lucky breaks which must be utilized to the 
utmost on a modernization job. 

A booster-fan system of air distribution in conditioned 
areas was chosen because such a system permits of 
floor-by-floor control of conditions as well as exposure 
control, offering desirable flexibility. It makes for a 





Fig. 2—Steam-jet refrigeration unit assembled in the shop 
before installation at the building. The plant has a present 
refrigeration capacity gf 180 tons, a future capacity of 250 tons 


small central dehumidifier unit and the breaking up of 
necessary fan-room space into small, easily-located units. 
A corridor return system was decided on to avoid use 
of a return duct system, saving floor space and head 
room which would otherwise be sacrificed to the risers 
and horizontal runs of such a system. Fortunately the 
arrangement of offices along a corridor lent itself to the 
scheme. Not all layouts are so accommodating. 

This system was installed in conjunction with exten- 
sive alterations made to prepare six of the eight floors 
it treats for occupancy by the 
Johns - Manville Company as 
general headquarters. The space 
is made up chiefly of small pri- 
vate offices, but also includes 
many large clerical areas. Ceil- 
ing acoustical treatment and 
movable transite partitions ar- 
ranged in many 
features of the 
modern office layout. 


decorative 


schemes are 


Dehumidifier Room on 
Seventh Floor 


The 
equipment is 
basement and 
evaporator, surface condenser, 
three thermal 
jets, condensate pump, chilled- 


steam-jet refrigeration 
located in the 


consists of the 


CC ymMpressors or 


Fig. 3 


water pump, and inter-connect- 
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The electric automatic control panel 
for the air-conditioning system 
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ing piping and control. One of the present jets (70 tos 
capacity) is under automatic control by a positive open 
or closed action of the steam valve controlled from tiie 
temperature of water leaving the evaporator. Thie 
chilled-water pump supplies cold water from the 
evaporator to the dehumidifier room on the 7th flo 
directly above the refrigeration equipment, where the 
water either passes through a mixing valve to the de- 
humidifier-pump suction or is bypassed and returned 
directly to the evaporator. The chilled water which 
enters the dehumidifier-pump suction to pass through 
the dehumidifier returns to the 
through the dehumidifier overflow. 

In the dehumidifier room there are, besides the de- 
humidifier and dehumidifier pump, a fresh-air intake, 
tempering heaters, and the main supply fan. The sup- 
ply fan draws an automatically-controlled mixture of 
outside air and return air from the conditioned floors 
through the dehumidifier, and distributes it through a 
riser to booster-fan units, one on each floor. 


sprays evaporator 


One Booster-Fan Unit on Each Floor 


Each booster-fan unit is equipped with filters and 
reheaters and is located in a small room which serves 
as a plenum chamber, where air from the main supply 
fan and return air from the respective floor mix before 
entering the fan through the filters. The bypassing of 
the dehumidifier is thus accomplished at the booster 
fan. Location of the filters in the booster unit insures 
a complete cleaning of each room air change. 

Distribution of the conditioned air on each floor is 
made through duct work well concealed in the ceiling 
and partition treatment. Sound absorbers are fitted into 
the supply system to insure against the passage of fan- 
room noise through the ducts to the offices. Return of 
air to the booster fan room is through the corridors, the 
office doors being equipped with louvres, when neces- 
sary, to permit free exhaust of air from the offices 
to the passageways. 

Cooling Tower in Pasement 


The “cooling tower” is lo- 
cated in the basement adjoining 
the refrigeration equipment. It 
consists of a two-bank, spray- 
type air washer, a circulating 
pump, and a double-inlet fan, 
in blow-through arrangement, 
discharging into a shaft which 
rises the full forty-story height 
of the building. This shaft is 
formed by an adjoining build- 
ing serving as a fourth wall to 
the escape or fire shaft of the 
building in which the system !s 
located. Air for the 
tower is drawn through a sice- 
walk grating and passes frec!y 
through the basement to 
open intakes of the 
tower fan. The cooling-to' 


coolit 4 


7 
cooliig- 
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Fig. 4—(a) 


One of. the many air-conditioned private offices; 


Heating - Piping 465 
aiAir Conditioning 


(b), an air-con- 


ditioned executive office; (c), the reception room for the executive offices; (d), 


air-conditioned clerical space. 


As is seen in these views the office layout is most 


modern; movable transite partitions are used as is ceiling acoustical treatment 


circulating pump forces the condenser water from the 
washer tank through the condenser to the washer sprays. 
With minor changes in piping and air discharge connec- 
tion, a second stage may be added to the present cooling 
tower to increase its capacity to meet future demands. 


Automatic Control Electric Throughout 


is electric throughout—not 
only for the maintenance of conditions in the conditioned 
areas, but for the control features of the refrigerating 
equipment. 
effected from a thermostat in the dehumidifier-pump 
suction, controlling the mixture of cold and recirculated 
Water to the sprays and controlling (in winter) the 
tempering coils and the mixture of fresh air and re- 
circulated air to the dehumidifier. Dry-bulb control of 


he automatic control 


Dew-point control of room conditions is 


roor, conditions is accomplished, first, through a thermo- 
Stat in the return-air connection to each booster-fan 





room, controlling an automatic damper to regulate the 
amount of cold air supplied to booster-fan unit from 
the main supply-fan riser; second, from two room 
thermostats on each floor, one for inside rooms, one for 
outside rooms, controlling the reheater of each booster- 
fan unit; and the reheater mixing dampers. A velocity 
stat in the fresh-air intake on the 7th floor, acting as a 
limiting stat, insures a minimum volume of fresh air 
(not less than two air changes per hour), regardless of 
how the main supply fan distribution is throttled. 


Condenser Water Requirements at Different 
Temperatures 
The steam-jet refrigeration plant is designed to have 
an ultimate capacity to develop 250 tons of refrigeration 
efiect, though at present only three thermal compressors 
have been installed, two each having a capacity of 70 
tons and the third a capacity of 40 tons, a total of 180 
(To. page 68, back Advertising Section) 
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Refrigeration Piping— 


Suction and Discharge Lines for Ammonia 


HE design of the refrigeration piping for a plant 

is governed not only by the over-all plant capac- 

ity, but more specifically by the size, capacity, 
and arrangement of the various individual units of equip- 
ment and apparatus comprising the whole plant. The 
size and location of the land on which the plant is lo- 
cated and its relation to lanes of traffic such as rivers, 
railroads, streets and highways often dictate the most 
desirable arrangement. Accordingly, no two plants 
(even of the same capacity) are exactly alike and the 
variables thus introduced require the fundamentals of 
good engineering design. 

Whether an engineer is planning the piping of a new 
industrial refrigeration plant, an addition to an existing 
plant, or is checking up the piping of an old plant with 
a view towards its modernization, too much emphasis 
can hardly be laid on the importance of installing the 
proper size suction and discharge mains for handling 
ammonia vapor. Other ammonia main lines comprising 
the smaller miscellaneous piping connections must like- 
wise be properly planned but these do not involve prob- 
lems of velocities and pressure drop. 

In many older plants many piping indiscretions are 
evident in the lay-out of the ammonia suction and dis- 
charge vapor lines.’ If the pipe lines are not of ample 
size for conveying the required amount of vapor for 
the refrigeration tonnage involved, excessive velocities 
are bound to result which cause wire drawing, super- 
heating and vibration of the piping. An abnormal pres- 
sure drop in a suction main line means that an ammonia 
compressor must operate at a lower suction pressure 
than would otherwise be required for the desired tem- 
perature in order to compensate for the pressure drop. 

'For information on checking up refrigeration piping used for heat- 


transfer surface see page 194, April, 1933, issue; for data on brine and 
water piping, see page 294, June, 1933, issue. 


{DEQUATE refrigeration piping will always pay 
for its capital investment; in fact, the plant will 
pay its cost in increased operating charges, less 
effective results, without it. Where too little thought 
was given the piping at the time of original installa- 
tion, or where plant additions have changed the 
requirements, the piping must be brought up-to-date 
wseeee. Lhis article 
economical, ammonia suction and discharge piping. 


tells how to assure correct. 


By R. C. 


Doremus* 


Inasmuch as the specific volumes of the vapor vary in- 
versely with the pressure, lower suction pressures cause 
higher volumes of vapor to be handled per ton, as will 
be seen from the comparison given below; as the com- 
pressors are of a constant displacement, this naturally 
causes a decreased tonnage capacity from the machines. 
If more displacement is required of the ammonia com- 
pressor because of this, another compressor may be 
started if available, or, if only one compressor com- 
prises the plant equipment it must run more hours per 
day to perform a given service. If the only com- 
pressor equipment is already running 24 hours per day, 
another machine must be purchased. Any of these al- 
ternatives is undesirable from a cost and efficiency 
standpoint. Accordingly, the tonnage capacity of a com- 
pressor may often be appreciably increased by increasing 
the size of small, over-burdened suction mains to lines 
of more adequate sizes. 


Effects of Increasing the Suction Vapor Pressure 


Regardless of the nature of the refrigerating work or 
the pressure at which that work is accomplished, it is 
generally desirable to run an ammonia compressor at 
the highest permissible suction pressure that will do the 
work. It is well-known that increasing the suction 
pressure of an ammonia compressor increases its tonnage 
capacity, but it also causes other interesting effects. To 
illustrate them, let us presume that an ammonia com- 
pressor is operating with a head pressure of 185 Ib per 
sq in. gage and in one case it is operated with a suction 
pressure of 15 lb saturated and in the second case at a 
suction pressure of 25 Ib saturated. Increasing the 
suction vapor pressure from 15 to 25 lb gage produces 
the following results: 


r, Increases the heat content of the vapor from 611.6 to 


ee ee ee OE I, Oe og ii inlncaxcha dans dedoweics os OCR 
2. Increases the refrigerating effect from 460.7 to 464.5 Btu 
i 5 hens Beds aa welwws oid edebhecen cle wnee due 0.82% 


3. Increases the compresfor tonnage capacity at constant speed 
by the inverse ratio of the displacement required per ton, or 6918 
Se ld 02 errs dah de dan cde bedeeed ods ebecuen s va 
_ 4 Increases the work done by the condenser due to the increase 
MP 8. Ls ne Doh wba adke ech knwhecbae ua 2 

5. Decreases the weight of ammonia liquid circulated per ton 
of refrigeration from 0.4341 to 0.4306 Ib per minute, or....... 

6. Decreases the specific volume of ammonia suction vapor 
from 9.236 to 7.047 cu ft per Ib. or oe 

7. Decreases the displacement of vapor handled by the com 
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pressor from 6918 to 5243 cu in, per minute per ton of refrig- 
eration, or 2 
8 Decreases the 


temperature of the discharge vapor from 


248 F to 221 F with adiabatic compression, or.............0.00+5 10.9% 
9. Decreases the indicated horsepower per ton of refrigeration 

oi re Ob BA, GPoncd dn dn epee 60d 0 6000 nen 00 neee 0a eee 17.0% 
1o. Decreases the heat content of the discharge vapor from 733.2 

ie TORT Bee por Th of amttpeminy: OF. coc cccscccsccsccaseccceses 2.3% 
Observations: ‘There is a net increase in horsepower 


to drive the compressor due to the increase in tonnage 
capacity. For example, assume a compressor having a 
capacity of 100 tons of refrigeration at 15 lb gage suc- 
tion pressure, then 
ihp = 100 X 1.240 = 124.0 
Due to the increase in compressor tonnage capacity of 
31.7 per cent, the capacity at 25 lb gage suction pressure 
is 131.7 tons, and 
ihp = 131.7 X 1.028 = 1354 


or a net increase in horsepower regardless of the mechan- 
IE Cun cusivsyccusuwenape dent ssnce ee 

For each 1 lb of increase in suction pressure in this 
range, there is an increase afforded in ammonia com- 
pressor tonnage capacity of approximately 3 per cent 
and an increase in power of about 1.4 per cent, obvi- 
ously advantageous. 

Conversely, if the work to be done by the evaporator 
of the refrigerating plant may be done at 25 Ib suction 
pressure and the piping is so inadequate as to cause a 
10 Ib friction drop (which is ridiculously large) the 
compressor would then have to operate at 15 Ib suction 
pressure in order to overcome this friction drop, ‘This 
would result in handicaps of the above-mentioned order 
and friction drops of less than this amount would be 
disadvantageous in proportion to their magnitude. This 
illustrates very strongly the vital necessity of matching 
the size of the suction main piping with the refrigera- 
tion capacity in order to reduce the friction pressure drop 
in the ammonia suction line to a practical minimum for 
economy in operation. 


Effects of Increasing Discharge Vapor Pressure 


Similarly, small discharge vapor lines with excessive 
line pressure drops mean that the compressor must labor 
under the disadvantage of a higher discharge pressure, 
and a higher mean effective pressure as well, than would 
be indicated by the condition of the condensing surface 
and the temperature of the condensing water. It is well- 
known that increasing the discharge pressure, with 
other conditions remaining constant, increases the power 
required to drive the compressor and decreases the com- 
pressor capacity but it also produces other interesting 
results. Presume that an ammonia compressor is oper- 
ating at 15 lb per sq in. gage suction pressure saturated 
and that in one case the discharge pressure is 145 Ib and 
in the other case it is operating at 185 Ib per sq in. gage. 

Increasing the discharge pressure from 145 to 185 Ib 
per sq in. gage produces the following results: 


'. Increases the weight of ammonia liquid per ton of sefrig 


eration from 0.4196 to 0.4341 lb per minute, or................. 3.5% 
é Increases the displacement reauired of the ammonia com 

Pressor from €696 to 6918 cu in. per minute per ton, or........ 3.2% 
3. Increases the temperature of the discharge vapor with adia- 

batic compression from 213 F to 248 F, or.........ceeeeceees: 16.4% 
+ Increases the heat content of the discharge vapor from 716.2 

ee re een ee 2.4% 


Increases the indicated horsepower per ton from 1.031 to 


1,24 Dt, Uthhbs ead 6 Chae be de On 09-00 2rn 2b 2630 60es 6400060600408 04 20.3% 
6. Decreases the refrigerating effect from 476.7 to 460.7 Btu 

BO EE er ree Se aa er eee 3.4% 
7. Decreases the compressor tonnage capacity at constant speed 

dl e ratio of displacement—6696 cu in. per ton divided by 

1 " «6 
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Observations: Although there is a decrease in com- 
pressor tonnage capacity, the mean effective pressure at 
which it is operating is higher. Consequently, the power 
required to drive the compressor is higher and naturally 
the horsepower per ton of refrigeration is higher inas- 
much as fewer tons are being handled. If the ammonia 
compressor has a capacity of 100 tons of refrigeration 
at a discharge pressure of 145 lb per sq in. gage, 


ihp = 100 & 1.031 = 103.1 


At a head pressure of 185 Ib, the 
compressor capacity has been de- 
creased from 100 to 96.8 tons but 
the ihp per ton has been increased 
from 1.031 to 1.240. In this case 


ihp = 96.8 1.240 = 120.0 


showing an increase of 16.9 hp 
Pg rei hierdie tecct cave 16.4% 

The most significant results in 
this increase in discharge pres 
sure are that for each 10 lb in- 
crease, there is a reduction in 
capacity of 0.75 per cent, an in 
crease in ihp per ton of 5.0 per cent and a net increase 





in compressor horsepower of 4.4 hp or....... 4% 
It is obviously most advantageous from a_ capacity 
and power-consumption standpoint to operate an ammo 
nia compressor at a discharge pressure as low as prac 
tical. If the discharge lines are relatively short and of 
adequate size for the tonnage, the pressure drop will be 
a practical minimum and the discharge pressure will be 
determined by the condition of the condensing surface 
and the temperature of the condensing water available. 


Practical Limits 


Ammonia relief lines from ammonia pressure relief 
valves to diffusers or atmosphere should be installed the 
same size as the size of the outlet connection of the 
valve to avoid trouble with inspection bureaus. Such 
vapor lines as purge, pump-out and equalizer are seldom 
calculated from a velocity standpoint for then they 
would be ridiculously small. These are generally in- 
stalled 34 in. or larger and principally for structural 
strength of the pipe between pipe hangers. 

In larger plants where oil drain lines are run from the 
various items of equipment to an oil purifier, these lines 
are usually no smaller than 1 in. to avoid grease fouling. 
This is quite essential where the oil is periodically with 
drawn and purified and re-used along with new oil 
for economy. 

Ammonia liquid feed lines are usually proportioned 
on the same basis as water lines although the liquid has 
only about 0.7 the weight of water. Here again, struc- 
tural strength of the pipe between pipe hangers becomes 
a determining factor rather than fluid velocity. 

The sizes of main piping for handling ammonia vapor 
must be chosen for suitable velocities and permissible 
pressure drops. 

Some university research work has been done on am 
monia-vapor velocities in straight lengths of pipe which 
will undoubtedly give very valuable information on this 
subject when released. Current practice of consulting 
and refrigerating engineers, based on past experience, 
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gives useful criteria from design or installation stand- 
points. The greatest value of such information is in 
connection with larger pipe sizes used in industrial plants 
of considerable tonnage capacity which would be difficult 
to reproduce in laboratory research set-ups. For this 
reason, existing plants give a wealth of data on vapor 
velocities that are safe to use from a practical viewpoint. 


Maximum Recommended Vapor Velocities 


In general, the refrigerating industry has been accus- 
tomed to short body sharp patterns in pipe fittings and 
long sweep fittings (similar to those used for water) 
are rarely found in plant piping systems inasmuch as 
they are not easily procured. Even though ammonia is 
of comparatively light density and might be handled at 
high velocities so far as pipe friction is concerned, the 
fittings are a limiting feature. No two plants are exact 
duplicates on account of varying layouts and capacities, 
yet the ammonia mains generally are made with a num- 
ber of tees and elbow connections for branches as well 
as swing joints for flexibility and movement with tem- 
perature changes. Engineers who design and construct 
refrigeration plants have established criteria of limiting 
vapor velocities for economical operating costs. Their 
recommendations for maximum vapor velocities are in- 
dicated by Fig. 1, which will serve as a good guide for 
pipe and fittings used in common practice today. 


Sizing the Suction Main 


In special cases of suction pipe mains having fewer 
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fittings, or discharge lines that are unusually short, the 
velocities may safely be increased from 5 to 10 per ce: 
without causing objectionable friction drops in pressu: 

In order properly to design the ammonia suction an 
discharge mains, we are concerned with the amount « 
vapor to be conducted through these lines. This wi 
vary with the tonnage capacity and the temperature, 
which defines the pressure. With variations in suction 
pressure, the specific volume of the suction vapor will 
vary greatly, thus requiring a displacement per ton o{ 
1.37 cfm at 50 F, 3.92 cfm at 0 F to as great as 23.47 
cfm at -63 F with 10 -F superheat. This is evidenced 
by the fact that a compressor used to handle 10 tons 
capacity for an ice-cream plant hardening room may 
need to displace four or five times as much vapor as a 
10-ton machine would for manufacturing ice. Inasmuch 
as we know what these volumes are, the correct size of 
mains for any desired vapor velocity can easily be speci- 
fied. Table 1 shows the ammonia suction vapor veloci- 
ties at various suction pressures, each with 10 per cent 
superheat as would be the case with efficient operation, 
that would be caused by an amount of vapor represent- 
ing 1 ton of refrigeration through various pipe sizes, 
from % to 10 in. 

The following example indicates the use of the table 
in choosing desirable size of piping : 


Let us presume we are considering an ice manufacturing plant 
operating at a suction pressure of 15.3 lb per sq in. gage and 
that we have a brine cooler of 70-ton capacity to handle. If 
one ton through a 3'%-in. line at this pressure has a vapor veloc- 
ity of 59 fpm, this 70-ton job will cause a vapor velocity of 








fittings than the customary plant or lines made of sweep = 70 K 59 = 4130. This size line is satisfactory inasmuch as it is 
just within the recom- 
mended limit of 4200 
Suction | Corres. | C.F.M. PIPE MAIN SIZES fpm. If we endeavored 
pea om tom F ~ 2.5 acting ain Se ee ee Pe. ee eS to use a 3-in. suction line 
from the cooler, the va- 
19.7% 63.1 | 23.47 | 14490 | 7e28 | 4610] 2630] 1916 | 1010 | m3 | se2 | see | 206 | 214] 169] 117 | 67 | 68 | 4s ; ye 
17.97% -57.6 | 16.97 | 11710 | 6s2z2 | 3707/ 2123 | 1548 | 9617 | 572 | 570 | 277 | 214 | 172] 137 95 7 65 | 35 por velocity would be 79 
15.97° -52.9 | 16.32 | 10070 | 5444] 3190] 1627] 1311 | 702 | 492 | sle | e236 | 184/ 148/ 117/| 61] 61 | 47 | 30 fpm per ton, or 79 X 70 
13.6* ~48.6 | 14.42 | 8790 | 4908 | 2620/ 1614 | 1177} 621 | 435 | 282 | 210 | 163] 1sl| 106 | 72] S4@ | 42 | 26 ’ oy : 
11.6* ~44.4 | 12.80 | 7903 | 4270 | 2506 | 1435 | 1045 | 551 | s86 | 260 | 167 | 144] 116] 92] 6 | 48 | 37 | 23 = 5530 fpm. This is too 
9.6* -41.3 | 11.97 | 7390 | s992 | 2540/| 1340] 077 | 515 | sel | 234 | 175 | 135 | 108/ 86] 60 | 44 | 34 | 22 high and would cause an 
7.5° “38.1 | 10.56 | 6530 | 3520 | 2067 1183} sez | 454 | 316 | 206 | 154 | 110| 96] 77] S52} 40 | 30 | 19 e Lag 
5.5° -35.2 | 9.72 | 6000 | seez | 1900/| 1088 | 793] 418 | 203 | 190 | 142 | 110] e8| 70] 48] 36 | 28 | 18 undesirable pressure drop 
3.5° -32.4 | 9.02 | 5562 | 3005 | 1762] 1010| 756 | see | 272 | 176 | ys2 |103| e2| 65] 45] 34 | 26 | 19 due to friction in the 
1.4* “20.8 | 6.34 | 5145 | 2”e2 | 1628} 934] 680 | 359 | 251 | 163 | 122 | o@ | 75]| 60] 42 | 32 | 2@ | 15 : 
mains and would require 
1.3 “25.0 | 7.47 | 4617 | 2490 | 1460} 936 609 | se | 225 | 146 | 109 | eo | o8| S4| 37 | 26 | 22 | 16 ws 
3.3 -20.6 | 6.57 | 4066 [2190 | 1283 735 | 536} 285 | 198 | 128 oe | | so| 47] 33] 25 | 19 | 12 the compressor to work 
5.3 16.6 5.06 3068 | 1966 | 1165 667 486 257 | 160 | 116 67 67 S44 43 30 22 1? lu at a lower suction pres- 
7.3 “13.0 | 5.42 | 3342 | 1805 | 1058} 606 | 4e2 | 233 | 163 | 106 7 | 6. | 40| 30] 27] 19 | 16 | 10 
9.3 -9.6 | 5.00 | s0ae |1666 | 977] Seo | 408 | 215 | 151 | 98 7s | se | 45| 36] 25] 16 | 14 9 
11.3 -6.4 | 4.62 | 2850 |1540 | 903/ 517] 372 | 194 | 130 | 90 es | se | 42] 35] 23] 17 | 1s 8 
13.3 “3.4 | 4.30 | 2653 |1433 | 641] 482] 350} 185 |130 | 64 6s | 48] 30 / sk] 22] 15 | 12 8 
15.3 -.6 | 4.03 | 2685 |1344 | 788] 452 | 328 | 173 | 122 | 79 so | 45 | 36] 20] 20] 14 | 12 7 
17.3 2.1 | 3.78 | 2382 |1260 | 739] 423 | 308 | 163 |114 | 7 ss | 43 | 3] 27] 19] 1@ | ? a a 
19.5 4.7 | 3.55 | 2102 [1285 | 694 3097 | 269 | 1553 |/107 | 69 se | 40] 32] 25] 16] 13 | 10 ? able 1—Velocity of am- 
monia suction vapor in 
21.3 7.1 | 3.36 | 2072 |1120 | 657] 376 | 276 | 145 | 101 | 66 a9 | x8 | 30} 2] 17 | 1s | 10 6 f . 5 varie 
23.3 .4 | 3.20 | 1075 |1067 | e26| ssa | 261 | 138 | 9 | 62 | a7 | se | 20 | 23] 16 | 12 | 9 | 6 . oe ape | ee f 
25.3 11.7 | 3.04 | 1876 |101¢ | S04] 340 | 248 | 152 | 91 | 60 | a4 | se | 27] 22] 15 |] I 9 6 ous sizes of pipe lines for 
27.5 15.8 | 2.00 | 1789 | 966 | 567) S25 | 236 | 125 | 87 | 57 42} 33 | 26) 22] 146 /} 12 8 5 l-ton refrigeration capac- 
29.3 15.8 2.74 1690 91s 536 307 223 118 82 S 40 sl 25 20 13 10 Me 5 ity at 185-lb gage con- 
31.3 17.9 | 2.65 | 1635 | ees | S16| 207 | 216] 114 | 80 | Se so | so | 2] 19] a3 | 210 a 5 densing pressure 
33.3 19.6 | 2.55 | 157% | e469 | 498} 285 | 208} 110 | 77 | So | 37 | 29 | 23 | 18] 12 9 7 5 
35.3 21.7 | 2.45 | 1si2z | 616 | 479 | 274 | 200 | 105 | 7 | 468 se | 28 | 22 | 18] le 9 ” 4 *Indicates vacuum in 
37.5 23.5 2.35 1450 783 460 263 192 101 71 46 ™M 27 21 1? ll ~ ? 4 inches of mercury. 
3.3 25.2 2.27 1400 757 444 254 185 97 68 44 33 26 20 16 ll 8 6 ~ Note: Pipe sizes based 
on all suction lines 1% 
41.3 26.9 2.19 1352 730 428 245 179 94 66 45 32 25 20 16 ll 8 6 4 in. and smaller being 
43.3 28.6 2.12 1306 706 414 237 173 91 64 42 31 24 19 15 10 7 6 4 extra heavy, and al! 9 
45.3 30.2 | 2.05 | 1266 | 684 | 401] 229 | 167 es | 62 | 40 | 39 | 23 | 19 | 15] 10 = . 4 in. and larger being 
47.5 31-6 | 1.97 en = = 4 3 = = . 20 | 22 | 16 | 14] 10 z . full weight standard 
nate es . all al at Velocities are based 
51.3 x«.8 1.87 1154 6235 366 209 152 81 56 36 27 21 1? is 9 ? 5 3 ie a gory — 
53.3 3.3 1.81 ll? 603 354 203 148 78 55 35 26 20 16 1s 9 ” . s = bs a At sa ‘wr e 
55.3 37.7 1.77 10e2 590 346 198 144 76 $3 A] 25 20 16 1s . ? 5 3 2 ac chont na vill ~ 
60.3 41.1 | 1.65 | 1018 | sso | ses| 165 | 135 7. | SO] se 2a | 19 | 15] 12 8 a 5 3 of super oe ; crete 
65.3 44.4 | 1.55 os? | 517 | 30s} 174 | 126 6? | 47 | 30 es | 18 | 1 | 8 6 5 3 Fy we Bg ocity a Te 
70.3 47.3 | 1.46 | oor | e896 | zee] 163 | 119] os | | 28 | 9 | ap | is) | 7} 6 | 4 | 8 aieaiiras vereneer is 
. 112 59 41 2? ” ‘ 4 3 8 é , ss é a 
75.3 50.5 | 1.37 eas | 457 | 268] 153 20 | 15 | 12] 10 150 lb gage, decrease 
velocities approxin 
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Fig. 1—Ammonia-vapor velocity chart show: 
ing maximum 
piping 


velocity 
and 


range 
economical 


F s 6 


sure to overcome this drop. This, of course, would be foolish 
economy inasmuch as very little would be saved by using a 3-in. 
line instead of a 3%-in. line, yet the power cost and longer 
hours of operation caused by this kind of scrimping would be 
excessive and would pay for the difference in initial pipe cost 


Heating - Piping 
aiAir Conditioning 


desired for 
operating 
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if the cooler were located fairly 
near the compressor, 4 in. would 
be preferable if the suction line 
were long, in order to favor pipe 
friction and also to use a size 
more easily procurable as a stock 





costs 














item. 


Discharge Main Size 


After the vapor has been 
compressed, its volume per 
ton has decreased consider- 
ably due to the compression, 
which is the reason the am- 
monia discharge line is usu- 
ally smaller in size than the 
Table 2 shows 








Ht fn suction line. 
ammonia discharge vapor ve- 
i locities resulting from vari- 
age Uh ee ous suction pressures and in- 
dicates the velocity of vapor 

ier of 1 ton of refrigeration 
through various sizes of pipe 
lines in a similar manner to 
Table 1. This will similarly 
enable one to choose intelli- 


8 


gently a suitable size of discharge line for any tonnage 
capacity without exceeding recommended limits. Of 
course, the length of discharge line may be very short, in 
which case these limiting values may be increased 5 to 
10 per cent without any serious pressure drop. 




































































many times over. Where we would probably use a 3!4-in line 
Suction C.F.M. PIPE wo SIZES 
Pressure} per fer afer le le 2 no Se Sa o-w~er ef r ee 10 
Lbe.Gaege/ Ton 
19.7 | 1.236 760} 412] 241] 138] 101 60 42 27 20 is 1z ° ” 5 ‘ 2 
17.7 | 1.2168 750} 407] 238] 137] 100 59 42 27 20 15 12 9 ” s ‘ 2 
15.7* | 1.197 730] 209) 26] 134 96 58 41 26 19 15 12 9 ” 5 ‘ 2 
13.6* | 1.175 725] see| 2350] 1s2 96 8? 40 26 19 15 iz 9 ? 5 ‘ 2 
11.6% | 1.155 ms| 3e6| 226] 129 95 56 30 25 19 1s lz 9 6 5 45] 2 
9.6% | 1.127 604 | 376| 221] 126 ov 55 38 25 18 4 uu 9 6 ‘ 4] 2 
7.5% | 1.105 eel} sos| 216] 12 91 54 38 24 1s 4 iu 9 ¢ 5 4; z 
5.5* 1.087 670 363 212 122 69 53 37 24 1s 4 lu 9 6 5 3 2 
3.5% | 1.075 eez | 356] 210] 120 86 52 36 24 17 1s 11 9 £ 4 3; | 2 
1.4* | 1.057 ese] ss2/ 206] 118 87 51 36 23 uv 1s ll 8 . ‘ si | 2 
1.3 1.034 ese | 345/ 202] 116 85 50 35 23 7 1s 10 e 6 4 3 2 
3.3 1.010 622 | 337 197 11s 83 ae M4 22 16 1s 10 8 € ‘4 3! . 
5.5 +992 612} 331 1s | 111 61 48 = 22 16 12 10 8 L ‘4 3 . 
7.35 -968 507 323 189 108 79 4? 33 21 16 lz 10 8 5 4 3; & 
9.3 +956 590 319 187 107 78 a? 33° 21 16 12 10 8 L ‘4 3) cs 
11.3 944 ses | 315 | 164] 106 7 “6 32 21 1s le 9 ? £ 4 3 2 
13.3 -928 872 | 309] 161 | 104 76 45 32 20 15 12 9 ? 5 4 3 . 
15.3 917 567 | 306] 179] 103 75 45 31 20 15 ll 9 ? 5 4 5 2 
17.3 +906 ss9 | 302] 177 | 102 % 4“ 31 20 15 ll 9 ? 5 ‘4 3 2 
19.3 +894 ss2 | 296] 175] 100 73 43 30 19 4 Bt 9 ? a 4 3s 2 
21.3 864 845 | 295] 173 99 72 43 30 19 4 11 9 ? 5 4 : z 
23.3 875 s40 | 292] 171 96 7 42 30 19 14 1 9 ? 5 4 5 8 
25.3 -868 535 | 289] 169 97 n 42 29 19 4 11 9 ? 5 ‘ bd bd 
27.3 -860 530 | 267 | 168 96 70 42 29 18 14 et 9 ? 5 4 3 z 
Table 2—Velocity of am- 29.3 050 | s25/ 206 /| 166) 9] o8 | 41/ 2] 16) ww] ST eTerTeye 7S 
ht onia discharge vapor in 31.3 as | seo| 2 | 165/ | 6 | 42] 29] a6] we |] a ej; 7/s ;e]s]2 
t per min through various 33.3 | .635 | si5| 2% | 165/ 93/| 68 | 41] 2] 18] 14 | 20 ore Petes is 
sizes of pipe lines for l-ton 35.3 28 | Sil] 276] 162/| 93| 68 | 40] 2] 16] is | 10 . 4 : ; sie 
« . . 7, J 7 92 6? 40 28 18 ° 
refrigeration capacity at he my os a = 92 6”? 40 28 18 v4 74 6 6 5 3 5 ad 
185-lb condensing pressure . 
41.3 +610 soo | 270] 1856 91 66 39 27 7 13 10 8 ¢ 5 s 3 - 
*Indicates vacuum in 43.3 -803 496 268 157 90 65 39 27 1? is 10 8 € 4 3 ; : 
inches of mercury. 45.3 -70@ | 493 | 266] 156] 69 65 39 27 17 13 10 8 6 ‘ 3 : 
Rote: seein ‘aunties 47.3 72 | 469] 266] 155 | #9 | 65 | se} 27] 17] 13 | 10 4a eae star 
or ts Gael en tect 49.3 70 | 467] 263 | 154 | o8 | 64 / Se} 27] 17] 13 | 20 6; ¢ 
cent before = com- 51.3 ree | 405 | eee | 154 | oe} o8/] se} 27] ar] as | 20 ej ej/«] sa] 2 2 
ie mes ——. 55.5 me. | «ee | 2c. | 155] 67| oO | s8j 26] 17}| Is | 20 os Sei eis is 
acements er ton are " ¥ 4 6 * 3 2 1 
based on edlahatic eom- 55.3 -776 476 | 259} 152 87 63 36 26 17 1s 10 - . D1 ; - " 
Pression. All pipe sizes 60.3 +770 475 | 257 | 150 86 63 37 26 7 13 10 > 5 ‘ ; . 1 
are extra heavy standard. 65.0 756 466 252 148 8s 62 37 26 16 lz 10 
discharge line is ex- ? ¢ 4 3 2 1 
rer ly short, recom- 70.0 +748 463 | 249] 146 84 = 36 25 = as 9 ° 6 ‘ 3 2 1 
meni maximum veloci- 75.0 -743 458 248 145 __25 
i S000 5200 5400 6000 
tles nay be increased § Max. velocity BIOS E500 8750 S000 5500 5600 4000 4200 4400 4000 4800 
ant, 
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New Compressor Announced 

A new single-stage, belt-driven compressor 
designed for heavy-duty service has been an- 
nounced Ingersoll-Rand Company, 11 
Broadway, New York. It hori- 
double-acting cylinder and operates 


by 
has one 
zontal, 
at moderate speeds. It is available in sizes 
from 10 to hp, and for discharge pres- 
sures from 5 to 150 Ib. 


The machine is suitable where full-load, 


125 


WJ 


continuous service is required and will give 
economical standby service for large com- 
pressors whose full capacity is not always 
needed. It is adapted for use in isolated 
plants where there is little supervision, for 
applications where oil in the discharge line 
is objectionable, or for installations where a future change in 
pressure conditions may call for a change in cylinder size. It 
will handle poisonous or inflammable gases, or others that must 
be handled without leakage. 

Low air speeds and pressure losses are obtained by liberal 
These features 


design of air passages and valves for economy. 





and effective water jacketing insure low air temperatures to 
simplify lubrication problems and lengthen the service life of 
valves, cylinders, and piston rings. A double row of Timken 
tapered roller bearings on each end of the crankshaft reduce 
Regulating equipment suitable for any conditions of 
A bulletin contains complete details. 


friction. 
service can be furnished. 


Aluminum Welding Flux; New Goggles 

made 
42nd 
previ- 
other 


\ new all-purpose aluminum welding flux has _ been 
available by The Linde Air Products Company, 30 E. 
Street, New York. It is intended to replace two fluxes 
ously marketed, one for welding pure aluminum and the 
and does everything that 


It is packed in %-lb jars 


aluminum alloys, re- 


quired the two separate fluxes to do. 


for welding 


which are packed in cardboard cartons. 

This company has also announced new welding spectacles and 
The lenses are mounted in a natural canvas bakelite 
This width permits a wide 


a new lens. 
frame and are 50 mm in diameter. 
angle of vision and gives greater protection against light and 
sparks, 

The 


and the frame is non-flammable and does not conduct heat. 


material, 
By 


means of a snap device where the temples meet the frame it is 


temples (bows) are covered with insulating 


possible to spread the frame and change lenses in a few seconds. 
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INTERESTING 
Equipment..... 


Developments 


The new type lens, flat ground and polished, is made in light, 


medium and dark green shades. Use is recommended where 
safety codes prevent the use of other lenses which are not 
fiat-ground and polished, although equally effective otherwise. 
This to all including 


those of the Federal government. 


new lens conforms code requirements, 


New Automatic Timer Announced 


A new electric timer that lends itself to many automatic and 
remote-control applications has been announced by the General 
N. Y. By 


two or more timers, or by using one in conjunction with other 


Electric Company, Schenectady, combinations of 


types of automatic time switches, it is possible to meet a wide 


range of process schedules. 

The timer is “all electric’—timing is started by closing a 
switch. Re-setting is automatic when the control circuit is 
de-energized. The timing period is readily adjustable over a 


wide range. When used as a process timer it can be afranged 


to operate a signal or termi 
nate a process at the end of a 
pre-determined period. By the 
use of relays and timers to 
gether, entirely automatic con 
be provided for 


trol can 


almost any process, 

There are two scales, gradu- 
ated in hours or minutes ac- 
cording to the rating of the 
timer. One of these scales has 
a range three times that of the 

This permits a wide 

of 
in a given timer. 
the 


propriate scale for the interval 


other. 
selec- 
The 


ap- 


range time-interval 


tion 
nwre 


user chooses 





he desires to time, b¥ setting 
the scale selector lewer. He 
contact 


then sets 


movable 
at the point on the time scale corresponding to the interbal to be 


i 


e-onjun 


i. cy« les, 
P with 
, 


A new series of inverted-bucket steam traps has beer} recently 


a 


timed. The timer is then ready for operation, 
For 


tions where the load to be handled exceeds the capaci 


applica 
of the 


The timers are rated one ampere at 115 volts. 


contacts it is necessary to use a magnetic switch in 


tion with the timer. They are available for 60, 50 or 
115 or 230 volts, contacts normally opened or closed, 
15, 10/30, 


time intervals of 5 or 20/60 minutes. 


Traps Have Several Features 


announced by the Strong, Carlisle & Hammond Company, Cleve 
land, Ohio. Features include the method of retaining} the seat 


in place and the anti-balancing device ' 


_S OE Oe ee me ey me 





The seat is forced against a 
gasketed surface by a bracket 
which is held against the 
cover by two stud bolts. By 
simply removing the two nuts 
from the studs, the bracket 
and seat may be lifted out. 
This is aimed to eliminate the 
necessity of special tools and 
the possibility of damaging 
either the seat itself or the 


entire cover during replace- 





ment. 

The patented anti-balancing 
device consists of a valve ar- 
rangement on the bucket which automatically varies the air-vent 
opening during the cycle of operation, which, the makers state, 
almost entirely eliminates the tendency to balance or dribble. 

These traps are built of semi-steel construction for low and 
medium pressures and of forged steel construction for higher 
pressures and superheat service. A _ bulletin just issued de- 
scribes both the semi-steel and the forged steel traps. 


Sound-Proof Motor Base 

A sound-proof motor base with an adjustment for belt ten- 
Imperial Electric Company, 
Incorporated in the con- 


sion has been developed by The 
Akron, Ohio, and is illustrated here. 
struction of the base, supporting the weight of the motor and 
resisting the belt pull, are 

two lengths of silencing 

material. This material 
consists of supporting sec- 
tions of brass-plated steel 
separated by live rubber 
which is vulcanized se- 
curely to the metal. 

The arrangement is such 
that the rubber resists in 
shear the forces resulting 
from both motor weight 
and belt pull. This is a 





similar principle to the 
“floating power” for auto- 
mobile engines. Under 
normal working  condi- 


tions the stresses in the 

rubber-to-metal contact surfaces do not exceed 30 Ib per sq in 
Installation of the base is not complicated by the sound-absorb- 

ing feature. Four anchor bolts are used as in the standard 

hase; the only difference is that the motor is slightly higher. 


Improves Convection Heaters 


The Young Radiator Company, Racine, Wis., has recently 
improved the shape and design of tubes used in its convection 

Leaters. The copper 
tubes are elliptical in 
shape and have been 
designed to conform 
more closely to the 
air flow through the 
Over 95 per 
cent of the tube is 


core. 


in continual contact 
with flowing air to 
prevent eddies. The 
tubes have large con- 
tact with fins and 
large bending 
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strength. Large fin contact means increased conduction of hx 
to the-fins and increased heating capacity. This so-called “strea 
aire” shape and lack of eddies increases air velocity through 
core, according to the maker. 

A patented brazing process is used in bonding the tubes 
headers. 


New Externally-Guided Expansion Joints 


Two new externally-guided expansion joints have been 
veloped by The Direct Separator Co., Inc., Syracuse, N. 
In the single- 
slip type (upper 
view) the slid- 
ing member is 
composed of the 
stuffing box and 
guides, the ex- 
ternal guide be- 
ing enclosed in 
a cylinder ex- 
tending the full 
length of joint, 
and the internal 
guide inside the 
stuffing box and 
adjacent pipe 
section. The ex- 
ternal part is a 
single casting 
strong and heav- 
ily ribbed, care- 
fully machined 








and concentric 
with all sliding 
parts. The joint 
can be installed 
as shipped since it is integral and the guides cannot be disturbed. 
The external guide is made relatively long and the distance from 
packing joint remains the same under all conditions. Ample 
It is made with or with- 
The lower view 
Joints 


openings are provided for repacking. 
out bases which are machined when furnished. 
shows a double-slip joint of the same design with base. 
are furnished in all sizes, standard and extra heavy, or of cast 


steel. There are no screw joints in the structure. 


Air-Cooled Condensing Unit for Freon 


A new air-cooled freon condensing unit, designed to meet 
a wide variety of circumstances where water-cooled condensers 
cannot be used, has been developed by the York Ice Machinery 
Corporation, York, Pa. It is made in capacities of 1, 1’ 
and 2 hp. 

The unit is designed particularly to operate at evaporator 
temperatures up to 45 F, a suction temperature frequently re- 
quired for air-conditioning work. It is especially adapted tor 
use in circumstances where the cost of water is prohibitive; 
where the disposal of water is a difficult problem; where the 
water supply is never cold enough to do an effective job; and 
where the water is corrosive. 

The new air condenser is mounted in front of the compress 
and motor. All component parts are on a heavy cast semi steel 
base with extended brackets integral with the base, which sup 
ports the condenser assembly. It has two fans, one of which 
is mounted on the motor shaft and draws the air through 
The second is a specially-designed centrifugal su 


t 


condenser. 
tion fan mounted on the compressor flywheel, which also draws 
air through the condenser. Positive distribution of the air 


is accomplished by means of a sheet metal housing, which 


(To page 74, back Advertising Section) 




























Heating - Piping 
«Air Conditioning 













erican Society of Heating 
and Ventilating Engineers ~ 


JOURNAL_SECTION 
























UUUIUUT ETAT ECU, OTE 





SEPTEMBER 1933 
Table of Contents 
Chart tor Finding Mean Specific Heat of Air and Water Measurement of the Flow of Air Through Registers and 
Wey Dep: Fammees WW. REG: viccccccecssccveccaseccesacne 475 Grilles, by L. E. Davies.............. ee 
Temperature Gradient Observations in a Large Heated Space, Candidates for Membership..... Cheeta eee ees ete eeee 496 
by G. L. Larson, D. W. Nelson, and O. C. Cromer........ 477 Candidates Elected ....c..0ccccccesece sive ewatae 196 
OFFICERS AND COUNCIL 1933 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
51 Madison Ave., New York, N. Y. 
ee her eer re W. T. JoNEs 
ce BS gO! ee eee ere a ”) - U e ns cin Gb aeseeeséneesssv er D. S. BoypDEN 
Second Vice-President.............44: FOE TROWERE SOI. ois cov ccccvciccccscssed A. V. HuTCcHINSON 
CouNCIL SPECIAL COMMITTEES 
W. T. JoNEs C. V. HayNEs Committee on Admission and Advancement: J. D. Cassell, Chair- 
Chairman Vice-Chairman man (one year); F. D. Mensing (two years), and A. J. 
. : Offner (three years). 
Et oot One Year a Publication Committee: W. E. Stark, Chairman (one year); 
E. K. CAMPBELL E. O. Eastwoop RosweLL FARNHAM W. M. Sawdon (two years), and A. P. Kratz (three 
E, Hott Gurney F, B. RowLey years). . 

Two Years Committee on Constitution and By-Laws: Thornton Lewis, 

F, E, GresecKe G. L. Larson J. F. McIntire Chairman; R. H. Carpenter and W. E. Stark. 
W. E. Stark Committee on Chapter Relations: E. K. Campbell, Chairman. 


Guide Publication Committee: W. L. Fleisher, Chairman; D. S. 


Three Years Boyden, F. E, Giesecke, S. R. Lewis and Perry West. 


R. H. CARPENTER My oth - wl F. C. Mcintosu Committee on Code for Testing and Rating Condensation and 
. Vacuum Pumps: John Howatt, Chairman; W. H. Driscoll, 
L. A. Harding and F. J. Linsenmeyer. 
CoMMITTEES OF THE COUNCIL Committee on Code for Testing and Rating Convectors: R. N. 
s nt, } - Trane, Chairman; E. H. Beling, R. F. Connell, J. H. Hol- 
G1 en C. V. Haynes, a “i orem ton, Hugo Hutzel, A. P. Kratz, M. G. Steele and O. G. 
Be ie N - D. /LEY Wendel. 
Finance: Joun Howatt, Chairman Committee on Nomenclature: S. R. Lewis, Chairman; W. H. 
R. H. CArPPENTER F. C. McIntosu Carrier, P. D. Close, W. H. Driscoll, L. A. Harding, 
‘ ’ Thornton Lewis, J. F. McIntire and A. C. Willard. 
E.O. E eetings: Roswett FaRNHAM, Chairman Committee on Ventilation Standards: W. H. Driscoll, Chair- 
. Eastwoop J. F. McIntire man; J. J. Aeberly, F. Paul Anderson, L. A. Harding, D. 
Membership: E. K. CAMPBELL, Chairman D. Kimball, J. R. McColl, C. L. Riley, W. A. Rowe, Perry 
E. Hott Gurney L. WALTER Moon West and A. C. Willard. 
NOMINATING COMMITTEE FOR 1933 
Apvisory CouNCIL Chapters Representative Alternate 
F. B. Rowley, Chairman; W. H. Carrier, Homer Addams, F. Cincinnati H. E. Sproull A. A. Blomfeldt 
Paul Anderson, R. P. Bolton, S. E. Dibble, W. H. Driscoll, H. P. {ilinois yf Ackerly J. i — 
ee } F. Hale, L. A. Harding, H. M. Hart, E. Vernon Massachusetts E { ' Cole A Murphy 
lil, J. D. Hoffman, S. A. Jellett, D. D. Kimball, S. R. Lewis, Westen sich J. H. Walker - E. Paetz 
Fhornton Lewis, J. 1, Lyle J. R. MeColl, D. M. Quay, C. L. Minnesota CE Lewis AJ. Much 
ley, F, R. md 4 Yew Yor ‘ falt i 
, sche — Western New York MC. Beman 4 D. J. Mahoney, 
‘acific orthwest = * eber > M, O’Conne 
y : Philadelphi W. R. Ejichb M. F. Blanki 
CooPERATING COMMITTEES Pittsburgh R. B. Stanger F.C. Melntosh 
A. S. H. V. E. representative on National Research Council; Wiese EA cas cet 'Srekely 


Prof. A. C. Willard (3 years). 


473 





474 Heating Piping Conditioning 
“lomrnal 8 Section 
COMMITTEE ON RESEARCH 





September, 1933 






G. L. Larson, Chairman 


J. H. Wacker, Vice-Chairman 


Pror. A. C. WitLarp, Technical Adviser 


F,. C. Houcuten, Director 


O. P. Hoop, Ex-Officio Member 
One Year 


C. A. Booru 
E. N. SANBERN 


Two Years 
D, E. Frencu F. E. GIesecke 
G. L. Larson 


L. A. Harpinc 
A. P. Kratz 


F. B. Hower 


WALTER KLIE 

J. H. WALKER 

Three Years 

S. H. Downs H. N. KitcHet 
Perry WEST 


ALBERT BUENGER 
H. R. Linn 





Executive Committee 
G. L. Larson, Chairman 
C. A. Booru L. A. HarpING 


Finance Committee 


J. H. Wacker, Chairman 
E. C. Evans C. V. Haynes TuHornton Lewis R. N, TRANE 





TECHNICAL Apvisory COMMITTEES - 1933-1934 


Air Conditions and Their Relation to Living Comfort: C. P. 
Yaglou, Chairman; J. J. Aeberly, W. L. Fleisher, D. E. 
French, Dr. R. R. Sayers and Dr. C.-E. A, Winslow. 


Air Flow through Registers and Grilles: John Howatt, Chair- 
man; J. J. Aeberly, L. E. Davies, D. E. French and J. J. 
Haines. 


Atmospheric Dust and Air Cleaning Devices (Including Dust 
and Smoke): H.C. Murphy, Chairman; J. J. Bloomfield, 
Albert Buenger, Philip Drinker, Dr. Leonard Greenburg, 
Dr. E. V. Hill, Samuel R. Lewis, H. B. Meller, Games 
Slayter and Dr. S. W. Wynne. 

Correlating Thermal Research: R. M. Conner, Chairman; 
D. S. Boyden, J. C. Fitts, H. T. Richardson and Perry 
West. 

Corrosion: J. H. Walker, Chairman; H. F. Bain, E. L. Chap- 
pell, W. H. Driscoll and R. R. Seeber. 

Direct and Indirect Radiation with Gravity Air Circulation: 
H. F. Hutzel, Chairman; A. P. Kratz, H. R. Linn, J. F. 
McIntire, J. P. Magos, T. A. Novotney, R. N. Trane and 
G. L. Tuve. 

Gas Heating Equipment: W. E. Stark, Chairman; Robert Har- 
per, E. A. Jones, Thomson King, J. F. McIntire and H. L. 
Whitelaw. 


Heat Transfer of Finned Tubes with Forced Air Circulation: 
F. B. Rowley, Chairman; H. F. Bain, H. F. Hutzel, W. G. 
King, A. P. Kratz, E. J. Lindseth, G. L. Tuve and W. E. 
Stark. 

Heat Transmission (Heat Received by and Emitted by Buildings 
in Relation to Living Comfort): P. D. Close, Chairman; 
A. B. Algren, R. E. Backstrom, A. E. Stacey, Jr. and 
J. H. Walker. 

Infiltration in Buildings: D. W. Nelson, Chairman; V. W. 
Hunter, W. C. Randall, E. N. Sanbern, J. G. Shodron and 
Ernest Szekely. 

Oil Burning Devices: H. F. Tapp, Chairman; Elliott Harring 
ton, F. B. Howell, J. H. McIlvaine and L. E. Seeley. 

Pipe and Tubing (Sizes) Carrying Low Pressure Steam or Hot 
Water: S. R. Lewis, Chairman; J. C. Fitts, F. E. 
Giesecke, H. M. Hart, C. A. Hill, R. R. Seeber and W. K 
Simpson. 

Refrigeration in Relation to Air Treatment: A. P. Kratz, 
Chairman; E. A. Brandt, E. D. Milener, K. W. Miller, F. 
G. Sedgwick, J. H. Walker and R. W. Waterfill. 

Sound in Relation to Heating and Ventilation: Warren Ewald, 
Chairman; C. A. Andree, Carl Ashley, C. A. Booth, V. O. 
Knudsen, R. F. Norris, J. P. Reis and G. T. Stanton. 

Ventilation of Garages and Bus Terminals: FE. K. Campbell, 
Chairman; S. H. Downs, T. M. Dugan, E. C. Evans, F. H. 
Hecht, H. L. Moore and A. H. Sluss. 





OFFICERS OF LOCAL CHAPTERS 1933-1934 


CLEVELAND 
Headquarters, Cleveland 
Meets: Second Friday in Month 
President, F. A. KitcHeNn 
1514 Prospect Ave. 
Secretary, R. H. Wenrve 
1927 Rosemont Rd., East Cleveland, O. 
CINCINNATI 
Headquarters, Cincinnati, O. 
Meets: Second Tuesday in Month 
President, K, A. WriGHT 
1113 Race St. 


Secretary, G. B. HouListon 
704 Race St. 


ILLINOIS 
Headquarters, Chicago 
Meets: Second Monday in Month 
President, J. H. O’Brien 
228 N. LaSalle St. 
Secretary, J. J. HAYES 
53 W. Jackson Blvd. 

KANSAS CITY 
Headquarters, Kansas City, Mo. 
Meets: Second Monday in Month 

President, Davin CALEB 
1380 Baltimore Ave. 
Secretary, C. A. WeEtss 
1811 Troost Ave. 
MASSACHUSETTS 
Headquarters, Boston 
Meets: First Monday in Month 
President, Lestig CLouGcu 
Box 34, Weymouth, Mass. 
Secretary, E. W. BercuToLp 
100 Arlington St. 
MICHIGAN 
Headquarters, Detroit 
Meets: First Monday after the 
roth of the Month 
President, H. E,. Paerz 
2539 Woodward Ave. 
Secretary, Tom Brown 
487 W. Alexandrine Ave. 





WESTERN MICHIGAN 
Headquarters, Grand Rapids 
Meets: Second Monday in Month 
President, K. L. Zressr, 
115 Campau Ave. 
Secretary, P. O. WIERENGA, 
49 Coldbrook St., N. E 


MINNESOTA 
Headquarters, Minneapolis 
Meets: Second Monday in Month 
President, A. B. ALGREN 
3049 10th Ave. S. 
Secretary, C. E. GAUSMAN 
2360 Chilecombe, St. Paul, Minn. 
NEW YORK 
Headquarters, New York 
Meets: Third Monday in Month 
President, H. L. ALT 
65 Fourth Ave., Newark, N. J. 
Secretary, T. W. Reynowps 
109 West %th St. 


NEW YORK UNIVERSITY 
STUDENT CHAPTER 
Headquarters, New York University 

President, HERBERT MAIMAN 
78-65 80th St., Glendale, L. I., N. Y. 


Secretary, ABRAHAM RAFFES 
977 East 178th St., New York, N. Y. 


WESTERN NEW YORK 
Headquarters, Buffalo 
Mects: Second Monday in Month 
President, D. J. MAHONEY 
503 Franklin St. 


Secretary, W. E. Vorstnet 
250 Delaware Ave. 


ONTARIO 
Headquarters, Toronto, Can. 
Meets: First Monday Every Other 
Month 
President, W. P. Boppincton 
106 Lombard St. 


Secretary, H. R. Roru 
1104 Bay St. 





PACIFIC NORTHWEST 
Headquarters, Seattle, Wash. 
Meets: Second Thursday in Month 
President, P. M. O’CONNELL 
5749 3ist Ave. N. E. 
Secretary, S. D. Peterson 
5051 Prince St. 


PHILADELPHIA 
Headquarters, Philadelphia 
Meets: Second Thursday in Month 
President, M. F. BLANKIN 
1518 Fairmount Ave. 
Secretary, W. R. E1cHBERG 
4210 Sansom St. 


PITTSBURGH 
Headquarters, Pittsburgh 
Meets: First Monday in Month 
President, G. S. MCELiroy 
R. D. 2, Glenshaw, Pa. 
Secretary, J. L. BLacKSHAW 
3728 Dawson St. 


ST. LOUIS 
Headquarters, St. Louis 
Meets: First Wednesday in Month 
President, C. A. Pickett 
f 2628 Olive St. 
Secretary, C. R. Davis 
2328 Locust St. 


SOUTHERN CALIFORNIA 
Headquarters, Los Angeles 
Meets: First Tuesday after the 
roth of the Month 


President, L. H. PotpERMAN 
748 E. Washington St. 


Secretary, E. H.. KENDALL 
1224 S. San Pedro St. 


WISCONSIN 
Headquarters, Milwaukee 
Meets: Third Monday in Month 
President, V. A. BERGHOEFER 
4080 N. 24th St. 
Secretary, C. H. RANDOLPH 
918 N. Van Buren St. 














Chart for Finding Mean Specific 


Heat of Air and Water Vapor 


By James W. May + (NON-MEMBER) 


Lexington, Ky. 


HE accompanying chart shown in Fig. 1 was con- 

structed for the purpose of having some accurate 

and expedient means of determining the mean 
specific heat of mixtures of air and water vapor. 

The chart may be used for obtaining values of the 
mean specific heat in problems involving the heating of 
air from one condition to another, or in calculations per- 
taining to the cooling of air so long as the temperature of 
the air is not below the dew-point. It may also be used 
for finding values of the specific heat of mixtures of air 
and water vapor at any temperature or humidity within 
the range of the chart. 

A portion of the Carrier Psychrometric Chart was 
used as a basis with the mean specific heat lines super- 
imposed upon the same. These lines are based on the 
following formulae for specific heats: 

For air, Cy = 0.24112 + 0.000009T 

For water vapor, C, = 0.4423 + 0.00018T 

where T = temperature under consideration in degrees Fah- 

renheit. 


The formula for air is known as Swann’s Formula. 





tResearch Assistant, Heat Engineering Laboratories, College of En- 
gineering, University of Kentucky. 
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Fig. 1—Chart for finding 
mean specific heat of mix- = 


tures of air and water vapor 20 7 # 2. 





The formula for water vapor was taken from a paper 
presented to the 4. S. M. E. by W. H. Carrier. 

From the above formulae, C, must be found independ- 
ently for both air and water vapor, therefore this chart 
embodies a combination of the two and in the correct 
proportion depending upon the moisture content of the 
mixture. 
However, the moisture content for air at any condition 
may be found from the scale marked Grains of Mois- 
ture Per Pound of Dry Air. 

In Fig. 2 is shown a small portion of the original 
chart drawn to a larger scale, with an example indicating 
the method to be followed in obtaining the mean specific 
heat. 

Given the following problem: 

What is the increase in sensible heat per pound of 
mixture of air at 71 F dry bulb, and 61 F wet bulb, 
when raised to a temperature of 129 F? 

H = Cy (T:— 7;) 

H = Sensible heat in Btu per pound. 


T: = Final temperature = 129 F. 
T,: = Initial temperature = 71 F. 


The relative humidity lines have been omitted. 
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Fig. 2—Example indicating method to 
be followed in obtaining the values 
of the mean specific heat of mixtures 


of air and water vapor 


Cy = Mean specific heat of the mixture in Btu per degree 


per pound. c : : 
On the chart, Fig. 2, locate the intersection of the 


dry-bulb temperature line corresponding to 71 F, and 
the wet-bulb line corresponding to 61 F. This gives the 
value of the grains of moisture per pound of dry air. 
Follow this horizontal line indicating the grains of mois- 
ture per pound of dry air until it intersects the vertical 
line corresponding to 200 F which represents the sum 
of the initial and final temperatures (7,+ 7,). At 
this point read C, = 0.2440, the value of the mean 
specific heat. 


Then H = 0.2440 (129 — 71) 
= 14.15 Btu increase in sensible heat per pound of 
mixture. 
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Cleveland Chapter Elects Officers 


May 16, 1933. The annual meeting was called to order by 
Pres. R. G. Davis at 8:00 p. m. in the Chapter Rooms of the 
Cleveland Engineering Society with 37 members and guests in 
attendance. 

Following the reading and approval of the minutes of the 
April meeting, Mr. Kilstadt of the Cieveland Engineering Society 
explained a plan for attending Engineers Week at the Century 
of Progress in Chicago. 

W. E. Stark of the Membership Committee reported that, 
through the activities of R. H. Wehrle, a student chapter was 
being organized at Case School. 

The Auditing Committee, composed of E. J. Vermere and 
C. A. Wheeler, reported that the books and accounts had been 
checked and found to be correct. 

Secy. F. A. Kitchen told of the number of meetings held dur- 
ing the year and the status of membership dues. 

The activities of the Unemployment Bureau of the Cleveland 
Engineering Society were discussed and it was suggested that a 
written notice be sent to the members of the Chapter so that 
they would be familiar with these facilities. On motion of Mr. 
Stark, seconded by Mr. Vermere, a contribution of $10.00 was 
voted towards maintaining the Unemployment Bureau. 

The report of the tellers of election showed that in view of 
the ballots cast the following officers were elected for the ensuing 
year : 

President—F, A. Kitchen 

lice-President—M, F. Rather 

Secretary—R. H. Wehrle 

Treasurer—H. M. Nobis 

Board of Governors—R. G. Davis, Philip Cohen and J. W. 

Farley 

J. C. Miles, Program Committee Chairman, introduced the 
speaker of the evening, C. A. Burton, whose subject was Welded 
Steel Frame House Construction and Application of Heating 
and Air Conditioning. Mr. Burton discussed the progress made 
in this method of residential building and showed slides and 
motion pictures taken during the construction of steel houses 
in the Cleveland district. 

Mr. Burton then introduced C. C. Peck, contract welder, who 
had a complete electric welding demonstration unit set up in the 
meeting rooms. His representative then demonstrated the process 
of welding members, beams and similar work required in building 
a steel frame house. 

This unusual exhibit was exceedingly interesting and instruc- 


tive and a rising vote of thanks was extended to those in charge 
of the meeting for the program presented. 


Current Literature on School Buildings 


A Bibliography of School Buildings, Grounds and Equipment 
in three parts has been compiled under the direction of Henry 
Lester Smith, Director of Bureau of Cooperative Research, 
School of Education, Indiana University, Bloomington, Ind. 

Volume IX, No. 3 (Part III) was issued in June, 1933, and 
continues the consecutive numbering of references and covers 
the period up to April 1, 1932. 

The subjects listed under Mechanical Equipment are: 
Interior Decoration, Standardization of School Buildings and 
Equipment, Remodeling, Maintenance of Buildings and Equip- 
ment, Insurance and Depreciation, Teacher’s Home, Open 
Air Schools, Portable Schools, Schoolhouses of Other Countries, 
Plans, Illustrations and Descriptions of Various Types of School 
Buildings. 

In the list relating to Mechanical Equipment of buildings, which 
includes heating and ventilation, sanitation, water supply, light- 
ing, fire protection and cleaning equipment, generous reference 
has been made to the Society’s publications as well as to other 
sources in the fields covered. 

These publications may be obtained through the University of 
Indiana at a cost of fifty cents per copy. 


John W. Waters Dies 


John W. Waters of Johnstown, Pa., president and a founder 
of the National Radiator Corporation and president of the United 
States National Bank at Johnstown died in Emergency Hos- 
pital, Washington, D. C., August 14, of a cerebral hemorrhage 
he suffered while attending a banking conference at the Treas- 
ury last Thursday. He was seventy-three years old. 

Mr. Waters was stricken when he arose to reply to Mayor 
Edward McCloskey of Johnstown, who had opposed the reor- 
ganization plan just offered by Mr. Waters for reopening the 
Johnstown bank, of which he was head. 

The National Radiator Corporation, with which Mr. Waters 
had been associated most of his life is one of the largest manu- 
facturers of heating equipment in the country with main offices 
at Johnstown. 

Mr. Waters, the son of a Civil War veteran, was a member 
of the Masons, Knights Templar, the Elks, the Manufacturers’ 
Club of Philadelphia and several Johnstown civic and social 
clubs. His wife and three children survive. 








Temperature Gradient Obserya- 
tions in a Large Heated Space: 


By G. L. Larson}, D. W. Nelsont (MEMBERS) and O. C. Cromer§ (NON-MEMBBR) 


Madison, Wis, 


- This paper is the result of research conducted by the Mechanical Engineering 
Department at the University of Wisconsin in co-operation with the AMER- 
CAN Society OF HEATING AND VENTILATING ENGINEERS’ Research Laboratory. 


ESEARCH data concerning 
R stratification of air in buildings 

are lacking and, when confronted 
with an unusual type of building, the de- 
signer often finds himself literally at sea 
in selecting inside temperatures upon 
which to base heat loss calculations. 

According to THe A. S. H. V. E. 
GuIDE, it is the common practice of en- 
gineers to allow 2 per cent per foot of 
height above the breathing line in estab- 
lishing the probable air temperatures at 
any given level for a direct radiation sys- 
tem, and not less than 1 per cent per foot 
above the breathing line in arriving at 
the probable air temperatures at any 
given level when a combined heating and 
ventilating system is used. 

While values thus obtained are suff- 
ciently accurate and undoubtedly safe in 
most cases, this method of calculation 
leads to erroneous and even absurd results when applied 
to large open rooms with unusually high roofs or ceil- 
ings. It was for the purpose of obtaining data on this 
subject that this research was undertaken. 

The present study of temperature gradients has been 
carried on in the University of Wisconsin Field House, 
a building which is used primarily for basketball games 
and for indoor track. Fig. 1 shows the exterior of 
the building. The interior. dimensions of the main part 
are as follows: width 193 ft, length 227 ft, height 97 
ft. In addition to the main space, there is an additional 
space formed under the bleachers of the adjacent foot- 
ball stadium. The % mile running track goes through 
this space and the fan rooms, locker and shower rooms 
are also located here. The total internal volume of 
the building is about 3,500,000 cu ft. 

The plans for the building provide for an ultimate 
seating capacity for basketball purposes of about 11,500. 
This capacity is to be secured by the use of two bal- 
conies accommodating 8,000 and wooden bleachers seat- 
ing 3,500. The upper balcony has not yet been built. 


"Presented at the Semi-Annual Meeting of the American Society 
OF |\EATING AND VENTILATING ENGINEERS, Hotel Statler, Detroit, Mich., 
June, 1933, 

+Professor of Steam and Gas Engineering, University of Wisconsin. 
wee sistant Professor of Steam and Gas Engineering, University of 

isconsin. 
$i:structor in Steam and Gas Engineering, University of Wisconsin. 


477 







oe See wee es 





\ 
‘ 
\ 
‘ 
' 
' 
’ 
’ 
' 





Fig. 1—View of field house at the University of Wise 


With temporary bleachers built up fron the playing 
floor, the largest capacity secured up to fhe present is 
about 6,000. Fig. 2 shows a plan and os Has of the 
building. The lower balcony extends frfm the 13 ft 
elevation to the 25 ft elevation. The sqcond balcony 
will occupy an elevation from 29 ft to $0 ft. Fig. 3 
shows the general relation of the balconies] and the play- 
ing floor. The support members for t®e upper bal- 
cony show in this view. The playing floor is large 
cnough for two practice courts cross-wis@ of the build- 
ing. For competitive games, the court lenfthwise of the 
building is used as shown in the photograbh. Bleachers 
are erected on all sides of the playing ffoor for extra 
seating capacity. The floor is made up Pf bolted sec- 
tions which are dismantled and stored at fhe end of the 
basketball season. The support is on wodd posts which 
rest on concrete blocks a few inches undr the surface 
of the dirt floor. The dirt floor is used fr spring foot- 
ball and baseball practice as well as fof indoor track 
meets. 

The exterior walls are of Madison safdstone backed 
up with poured concrete. The building ys well lighted 
by large windows. 4 





The roof constru$tion is 2 in. 
plank, 1 in. of cork and tile. Double-glf:zed sky-lights 
are located in the center of the roof as sifown in Fig. 1. 
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SECTION THROUGH CENTER 
Fig. 2—Plan and section of the field house showing the re- 


circulating and discharge ducts 


Description of Heating and Ventilating System 


During games, it is desired to keep the playing floor 
relatively cool. The spectators require a somewhat 
higher temperature. Since they are located in balconies 
at a higher elevation, the natural tendency for heated 
air to rise, aids this desired differential heating. How- 
ever, the spread of the balconies over an elevation from 
13 ft to 50 ft makes the problem of securing uniform 
temperature for all spectators serious. During periods 
of inoccupancy, it is desired to keep temperatures at all 
elevations low for the sake of economy. 

In order to keep roof temperatures 
within reasonable limits and to fulfill the 
desired conditions at the balconies and 
playing floor, a fan system of heating was 
decided upon. Since the building is used 
only a few hours at a time and the air 
volume per person is large, ventilation at 
all times of occupancy is not required. 
At times the moisture content may be 
high due to evaporation from the dirt 
floor when sprinkled, in addition to that 
given off by the occupants. This makes 
it desirable to have available an outside 
air supply. Further, in mild weather, 
the heat given off by the occupants may 
need to be dissipated by supplying out- 
side air. 

The heating and ventilating system is 





Fig. 3—Interior view, showing playing floor 
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in two duplicate parts and is shown in Fig. 2 in pla: 
and elevation. The two fans have each a measure: 
capacity of 55,000 cfm. The air supply may be take: 
from outside entirely or the system may recirculate 
certain proportion or all of the air. The resistance o 
the outside air supply system is equal to the resistanc: 
of the recirculating duct system. The recirculating in 
lets are located near the roof. For each fan, there ar 
six 30 in. inlets located 58 ft from the floor, six 24 in 
inlets at an elevation of 73 ft and three 30 in. inlets ai 
each end of the building at an elevation of 66 ft. 

Three tempering coils each consisting of 1050 linea! 
feet of 5¢ in. finned copper tubes two rows deep are 
located side by side in each fan chamber. The air dis 
charge is from a trunk line located under the lower bal 
cony. There are twelve 29 in. by 56% in. outlets di 
rected downward in each of the two discharge ducts. 
Each outlet is equipped with a heater consisting of 212 
lineal feet of 5¢ in. finned copper tubes placed three 
rows deep. Each one of these outlet heaters is under 
control of a thermostat placed on the structural columns 
above the lower balcony at an elevation of about 25 ft. 
These thermostats are set to maintain the temperature 
desired in the balconies. The action of the system when 
recirculating is to draw the warm air from the upper 
levels near the roof, heat it to the desired temperature 
at the various outlets and allow it to rise up through 
the open spaces of the balcony. 

When arranged to take an outside supply, the air is 
heated to about 55 F in the tempering coils and is then 
heated to the desired balcony temperature at each in- 
dividual outlet. Twenty 36 in. diameter roof ventilators 
are provided in four rows, each row having an inde- 
pendent manual damper control. 

No direct radiation is used except in the shower, toilet 
and locker rooms which total 1072 sq ft. The supply 


and return mains of the vacuum steam system are not 
covered and constitute direct radiating surface. The 
area of steam supply mains and branches is 1,524 sq ft. 
The lights over the playing floor also have considerable 
capacity as heating elements. 


Over the playing floor, 
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there are thirty 1500 watt lights and twelve 1000 watt 
lights totalling 57,000 watts. These are at an elevation 
of 58.5 ft to 73 ft. 


Nature of Observations 


Observations under various conditions as to occupancy, 
weather and operation of system have been made during 
the three seasons the building has been in use. In order 
to obtain the temperatures from floor to roof, ten re- 
sistance thermometers were hung from the peak of 
the roof structure at one end of the playing floor. The 
first thermometer was placed at the 5 ft level and the 
last one at the 95 ft level with 10 ft spacing between 
them. Readings were taken by means of a Wheatstone 
bridge arrangement through a 10-point switch. The 
thermometers were checked against mercury thermom- 
eters by immersion in a water bath. Approximately 
1000 ft of duplex lighting cord was used to make the 
circuits. The location of the thermometer cable is shown 
on the plan view marked as T on Fig. 2. Relative 
humidities were determined directly by a recording in- 
strument. The wet and dry bulbs for this instrument 
were located at the point marked H on Fig. 2 on a beam 
directly below the lower part of the balcony in line 
with the resistance thermometer cable. Checking of 
temperatures showed that the values here generally cor- 
responded closely to the temperatures obtained at the 
same elevation of 15 ft in the center of the building. 

The steam used was measured by a recording steam 
flow meter placed in the main supplying the building. 
The amount recorded included a certain amount of 
pipe line loss and also the steam used to heat the shower 
water, 

Observations have been taken during all of the basket- 
ball games of the past three years. In addition, read- 
ings have been taken during times of non-occupancy 
such as on zero days to observe gradients during still 
air conditions, The results of these various observa- 
tions are shown in Figs. 4 to 9. The conditions of 
operation were established by the janitor, who decided 
when to operate the fans recirculating or with outside 
air and whether some or all of the roof vents should be 
open. In general during the first two seasons a tem- 
perature of 55 F was desired at the playing floor. Dur- 
ing the past season, this desired temperature has been 
increased to 60 F or slightly above. The balcony ther- 
mostats have been set for 65 F during all three heating 
seasons, 


Methods of Operation of System 


There are several methods of operation of the sys- 
tem and each has been used during some of the games. 
Fig. 4 shows results of operation in mild weather and 
with a large attendance without the fans running, that 
is, with gravity operation. Fig. 5 presents the observa- 
tions using recirculation in fairly cool weather. Fig. 
6 shows results with the use of outside air and partial 
recirculation during a game with a small attendance in 
near zero weather. During this game, all outside air 
was used for a period. Fig. 7 shows similar operation 
in mild weather and with a larger attendance. During 
all of these games, the roof vents were open. 

i addition to the results of observations during oc- 
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Fig. 4—Record of temperatures, humidities, and steam con- 
sumption with gravity circulation—fans not running 


cupancy shown in Figs. 4 to 7, results obtained during 
cold weather and no occupancy are shown in Figs. 8 
and 9. The main purpose of these latter figures is to 
show the temperature gradient under severe heating 
conditions and with no disturbance of stratification tend- 
encies. In Fig. 8 the influence of the starting of the 
fan on the still air gradient is studied. In Fig. 9 the 
gradients observed on three below-zero days are shown 


Gravity Circulation 


During gravity operation of the system, the circula- 
tion through the ducts is in the opposite direction to that 
obtained with fan recirculation. The rate of air cir- 
culation depends upon the extent of the heating of the 
air as it travels upward through the ducts. The air en- 
ters at the discharge outlets below the lower balcony and 
is further heated by the outlet heaters if the balcony 
thermostats are calling for heat. Since the capacity of 
the system is very much limited under gravity circula- 
tion, under all but mild weather conditions steam would 
be present in these outlet coils. In mild weather only 
one of the three tempering coils is kept on. The air 
then, on its upward travel receives but little heat in 
the fan rooms since its flow is divided between the area 
consisting of the by-pass and the two tempering coils 
not supplied with steam, and the area of the one temper- 
ing coil which is supplied with steam. 

Fig. 4 shows the results secured with such circulation 
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steam consumption using totally-recirculated air 


when the outside temperature was 36 IF and when a 
capacity crowd of 5650 was present. These conditions 
would seem to indicate that outside air might well be 
introduced by fan operation for cooling. The heating 
capacity of the system standing idle was sufficient to 
bring the average temperature of the balcony elevations 
to about 63 F as shown at 7:00 p. m. The air imme- 
diately above the playing floor was about 56 F in tem- 
perature which was satisfactory. The rise in playing 
floor temperatures from 7:30 to 8:00 p. m. indicated 
that outside air was needed for cooling. Some windows 
were opened at about 8:00 p. m. which helped to keep 
the rise at the playing floor to a total of 3 F. The 
rise at the 15 ft level was 7 F. The rise at the bal- 
cony levels which are from 13 ft to 50 ft was about 
4.0 F. The variation in temperature from highest to 
lowest point of the balconies was 3.8 F at 8:00 p. m. 
and decreased to 1.0 F at 9:00 p. m. This small differ- 
ence of 1.0 F appears to be due to the uniform emission 
of low temperature heat by the large audience. Since 
the balcony thermostats are set at 65 F, the outlet 
heaters probably shut off sometime gfter 8:00 p. m. 
The highest temperatures are not at the roof but about 
mid-way from floor to roof at 9:00 p. m. The lights 
over the playing floor are at this elevation and may 
cause this higher temperature. The heat equivalent of 


57,000 watts is sufficient to raise the volume of air above 
the lights about 19 F in one hour or is sufficient to 
raise the entire volume of 3,500,000 cu ft 3.1 F. 


This 
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is almost equal to the risé observed from 8:00 to 9:00 
p. m. 

The audience and players have a high capacity as 
heaters. Assuming the average individual present :s 
emitting 350 Btu of sensible heat_per hour, this would 
be a total of 1,980,000 Btu. This is available for heat 
transmission losses and to heat up air passing in and 
out of the building. The heat transmission losses are 
estimated as 965,000 Btu at the average outside tem- 
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Fig. 6—Record of temperatures, humidities, and steam con 
sumption using outside air in cold weather 


perature of 36 F prevailing during this game. The al- 
most 1,000,000 Btu of heat thus available will warm 
up about 1,736,000 cu ft of outside air to inside tem- 
perature which amounts to one-half air change per hour. 
The amount of steam used for space heating is not 
known because some of the supply is used for heating 
hot water and because a pipe line loss is also included. 
Assuming it is 1000 Ib of the 1500 average total, an- 
other one-half air change per hour would be required 
to dissipate this heat. Based on one air change the 
velocity through the twenty 36 in. roof vents would 
be 410 fpm. 

The absolute humidity increased 0.46 grain per cubic 
foot from 8:00 to 9:00 p. m. assuming that the dry 
bulb temperature at the humidity pick-up element «n- 
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der the balcony was the same as that at the 15 ft level 
in the center of the floor. On several occasions this 
has been checked and found to be very nearly correct. 
This increase in moisture was due to that given off by 
the occupants. During this period the air entered with 
a humidity of 2.1 gr and left with 3.91 gr at the 
beginning and with 4:37 gr at the end of the period. 
The 5650 people would be adding 808 Ib of moisture per 
hour to the air, based on an amount of 1000 grains 
being given off per hour by each person. The following 
equation balances the moisture added by the audience 
against the moisture increase in the room volume and 
that carried away in the ventilating air. 
808 = 3,500,000 X 0.46 + 2.04 (cfh) 





7,000 

This indicates an air movement of 1,983,000 cfh which 
is an air change of 0.57. Any moisture evaporated from 
the dirt floor which is sprinkled at times would indi- 
cate a greater air change than the above 0.57. If the 
air change is one per hour, the moisture evaporated 
would be 442 Ib. 

At no time during any game has fogging appeared 
over the playing floor. Conditions seemed not far from 
causing this at 7:30 p. m. when the dry bulb was 54.5 F 
and the dew point 49 F. This is a good reason for 
using ventilation. At times some condensation has oc- 
curred on the roof ventilators and on the skylights. 
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Fig. 7—Record of -temperatures, humidities, 
and steam consumption using outside air in 
mild ,weather 
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The roof insulation has prevented condensation on its 
under surface under all conditions encountered. 


System Operated Recirculating 


Fig. 5 shows the operation of the fan system recir- 
culating the building air during the first one hour and 
twenty minutes of observation. [From 7:30 to 8:00 
p. m., a general drop in temperatures is shown due to 
the doors being open as the crowd arrived. Heat is 
being added but at an insufficient rate to maintain tem- 
peratures. At the start of this period, there seems little 
doubt but that the balcony thermostats were above 65 
F so that the outlet heaters were closed. These prob- 
ably came on intermittently during this half hour pe- 
riod due to cool air currents from the open doors. The 
steam consumption curve shows a considerable peak 
during this period. 

From 8:00 to 8:50 p. m., the temperature above the 
15 ft level changed but little with a rise of about one- 
half degree. The rise 5 ft above the playing floor was 
from 55 F to 62 F during the same period, Since the 
audience is largely above this level, the rise probably 
is not due to this source of heat. It seems due to dis- 
charging from the outlets below the balconies air that 
entered the recirculating ducts at about 65 F and which 
received little heat from either the tempering coils or 
the outlet heater coils. The by-pass around the tem- 
pering coils would be open since the temperature of the 
recirculated air is about 55 F. The air was discharged 
then at somewhere near 65 F and since it was not much 
warmer than the air above the playing floor, it diffused 
at these lower levels. Had it been considerably warmer, 
its course would have been up through the balconies. 
The result was a 7 deg rise 5 ft above the playing floor 
in 50 min. A rise of 2 deg to 65 F was observed at 
the 15 ft level. This indicates a probable discharge 
temperature of 65 F. 

The introduction of some outside air from 8:50 to 
9:05 p. m. resulted in lowering the discharge tempera- 
ture. The resulting drop in temperature at the 15 ft 
level was 2 F and at the 5 ft level was less than 1 F. 
This indicates a probable discharge temperature of 60 
F to 61 F. The change back to entire recirculation at 
9:05 p. m. resulted in the same rising temperature at 
the lower levels as experienced from 8:00 to 8:50 p. m. 
The average temperatures at balcony levels were 64.4 
F, 64.7 F, and 64.2 F at 8:00, 8:30, and 9:00 p. m. 
respectively. The corresponding temperature variations 
were 2.5 F, 1.0 F, and 2.4 F. 

The humidity record shows no definite change. From 
8:00 to 8:50 p. m. with recirculation, the relative hu- 
midity decreased while the 15 ft level temperature in- 
creased correspondingly. The absolute humidity shows 
no significant change, although an increase would be 
expected from the large audience. 


Fan Operation with Outside Air 


Fig. 6 shows the introduction of outside air with an 
outside temperature of 7 F average. The attendance 
was about 3200. At 7:00 p. m., the temperature varied 
from 54.3 F at the 5 ft level to 67.8 F at the 95 ft level. 
The temperature at the balcony thermostat level was 57 
F which shows the heating system under still air con- 
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ditions was insufficient to bring the temperature up to 
the 65 F established for the thermostats. The starting 
of the fans with % outside and % recirculated air 
caused the steam consumption to increase from 2,500 to 
7,500 Ib per hour. Under these conditions, the air at 
all levels increased rapidly in temperature. This increase 
was about 5 F in one half hour. At 7:20 p. m., 65 F 
was reached at the 25 ft level. This would indicate that 
the thermostats would prevent further heating at the 
outlet heaters. However, the steam consumption did 
not start a definite decline until 7:35 p. m. when the 
temperature at the 25 ft level was 68 F. 

The temperatures directly above the playing floor 
started to decline at 7:30 p. m. and continued until 8 :00 
. m. when the game started. This drop of 8 F is con- 
sidered due to the opening of doors while the crowd 
entered. From 8:00 to 8:30 p. m., a rise of 7 F was 
observed at the 5 ft level while a general decline was 
noted at higher levels. It seems likely that the tem- 
perature at balcony thermostats was such as to cause 
the steam to be shut off from the outlet heaters. If so, 
the discharge temperature depends upon the resultant 
mixing of the outside and recirculated air. With the 
8 F outside temperature and with temperatures of 67 F 
at the recirculating inlets, the mixture temperature would 
be about 37 F. This would cause the by-pass to be 
closed and the tempering coils would raise this air to 
55 F. The low steam consumption of 3600 Ib per hour 
during this period and the closeness of the temperature 
at the 25 ft level to 65 F would seem to indicate that 
the outlet heaters were: not raising the temperature of 
this 55 F air. The fact that this air coming in at 55 F 
raised the temperature over the playing floor to 59 F 
from 52 F in this one-half hour period from 8:00 to 
8:30 p. m. seems due to its being heated by the audi- 
ence. Some of the spectators were on wooden bleach- 
ers between the playing floor and balcony. The con- 
tinual dropping of temperatures at higher levels during 
this period seems to substantiate the belief that low 
temperature air was being discharged into the room. 
The audience then, seems to account for this rise in 
temperature over the playing floor. It should be noted 
that the main body of air was dropping in temperature 
during this period. 

This rise in temperature of air over the playing floor 
was seemingly checked by taking the entire air supply 
from outside from 8:30 to 8:50 p. m. The temperature 
dropped from 59 F to 55 F in 15 min. Since this out- 
side air would be heated to 55 F in the tempering coil, 
just as was the partially recirculated air from 8:00 to 
8:30 p. m., it should leave the outlet ducts at 55 F 
and cause a rise as before. The temperatures at the 
25 ft or thermostat level were dropping and had reached 
64 F at 8:30 when all outside air supply was started 
and they continued to drop. Probably then the air was 
leaving the outlets some of the time at considerably 


higher temperatures than 55 F. This would cause the 


air to rise and pass up through the balcony levels with- 
out influencing temperatures at the 5 and 15 ft levels 
over the playing floor. 

The change to one-half recirculated air at 8:50 p. m. 
caused the air temperatures at the 5 and 15 ft levels 
to rise about 2 F in 15 min. 
creased about 1 I. 


All other temperatures in- 
The steam consumption increase 
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from 9:00 to 9:15 p. m. is likely due to shower tse. 

The rise in average air temperature with 50 per cent 
recirculation from 9:00 to 9:15 p. m. and the drop with 
no recirculation from 8:30 to 8:45 p. m. seems to in- 
dicate a possible inadequacy of the heating capacity, 
The number of tempering coils turned on during this 
game is unfortunately not known. If only two were 
turned on, the capacity would be inadequate to heat 
all outside air to 55 F, but would still be capable of 
raising 2 or 34 outside air to that temperature. 
would aid the explanation of the results obtained. 

The humidity curve rises and falls somewhat inversel) 
as the temperature at the 15 ft level which indicates [ut 
little change in absolute humidity. The change seemed 
to be a decrease of 0.5 grain per cubic foot from & :00 
to 9:00 p. m. 

The temperatures for the lower balcony and for the 
clevations the upper balcony will occupy when finished, 
averaged 66.4 F, 64.6 F, and 61.9 F at 8:00, 8:30, and 
9:00 p. m. respectively. The corresponding variations 
from top to bottom of balconies was 4.5 F, 2.5 F, and 
4.4 F, 

Fig. 7 shows observations when taking in outside air 
in milder weather than that of Fig. 6. The attendance 
was 4000, about 800 more than that for Fig. 6. 

The relative humidity was almost 50 per cent at 7:45 
p.m. The taking of 34 of the air supply for the fans 
from outside reduced the relative humidity to about 36 
per cent by 8:30 p. m. The air change through open 
doors as the crowd came in from 7:45 to 8:00 p. m. 
aided in this moisture reduction. The reduction in 
absolute humidity was 0.9 grain per cubic foot in three- 
quarters of an hour. After 8:30 p. m. an equilibrim 
moisture content of 2.37 grains per cubic foot was 
maintained. 

The temperatures remained practically uniform above 
the 15 ft level. The largest variation during the pe- 
riod of the game from 8:00 to 9:00 p. m. was 1 deg. 
The variation at the 15 ft level was only slightly greater 
than this. At the 5 ft level, a gradual increase in tem- 
perature took place in this period. Probably during 
this period the balcony thermostats kept the steam shut 
off from the outlet heaters most of the time. The air 
would then be discharged from the outlets at the fairly 
low temperature resulting from the mixing with recir- 
culated air and from the heating in the tempering coils. 
From the fact that the 15 ft level temperatures dropped 
slightly while the 5 ft level temperatures were rising 
seems to indicate that the air reaching the playing floor 
was about 61 F. Some heat probably was picked up 
by this air from spectators as it passed through the 
wooden bleacher sections. When the damper positions 
were changed at 8:45 p. m. so as to take in only 1% 
outside air and recirculate 34 building air, the tempera- 
ture did not rise at the 5 ft level but did rise about 
1 deg in 15 min. at the 15 ft level. This appears due 
to the air being warmer at the points of discharge there- 
fore rising above the 5 ft level over the playing floor 
area. The doors were opened at 9:00 p. m. which 
accounts for the checking of the rise in temperature. 


This 


General Discussion 


In general, it may be said that many times the opera- 
tion of the tempering units is not under thermostatic 
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control. Very often only one of the three coils in 
parallel is supplied with steam. The effect is then to 
make the area of the other two coils serve as a by-pass 
area not under thermostatic control. The air then 
must be quite warm as it reaches the coil location if 
it is to be heated sufficiently to cause the thermostat to 
open up the dampered by-pass. The effect is then to 
hinder thermostatic control under many conditions. The 
reason for leaving off one or two of the coils much of 
the time is to prevent overheating when recirculating. 
When recirculating and the by-pass damper is wide 
open, the temperatures would still be much above the 
desirable duct temperatures as established on the temper- 
ing unit themostats. An addition to this control, so 
that at the same time the by-pass damper is opened, a 
damper would close off the air passage through the coils, 
would obviate the necessity and undesirability of turn- 
ing off the steam from one or two coils. Another 
variation for better centrol might be the placing of 
thermostatic vaives en each of the three coil supply 
branches arranged so that they would open in succession. 


Disturbance of Still Air Gradient by Fan Operation 


Fig. 8 shows the results of fan operation on the still 
air temperature gradients on a cold day at a time when 
the building was not occupied. This was on the coldest 
day of the year. The mean temperature on this day 
was —15 F. On the previous day, it was —10 F and 
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Fig. 8—Disturbance of still-air temperature 
gradient by fan operation in extreme cold 
weather 
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cold days 


on the day before this it was 0 F. The average wind 
velocities on the three days were 13.1, 11.6, and 18.5 
miles per hour. At 8 a. m. the temperature was —26 
I’ and at 12 noon, it was —14 F. 
were closed during these days. 

Readings of temperatures were taken at 9:50 a. m. 
from floor to roof under still air conditions. ‘The tem- 
perature at the 5 ft level was 53 F; at the 15 and 25 ft 
levels, it was about 60 F. At the 85 ft level, it was 
slightly over 71 F and at the 95 ft level, it was almost 
75 F. This was a spread of about 22 FF. Of this 
amount, 7 I° increase occurred in the first 10 ft and 
almost 4 T° in the last 10 ft. 
further in connection with Fig. 9. 

At 9:57 and 9:59 a. m., the fans were started with 
100 per cent recirculation of building air. 
taken at 10:00 a. m. influence of the 
fan circulation. The 95 ft temperature was lowered 
2'4 F. The temperature at the 55 ft level was raised 
2 I’. Above this level, the rise was about one-half de- 
gree. Below at the 35 and 45 ft levels, it was about 
1'4 F. The temperature at the 5 ft level showed no 
change. The readings were taken in quick succession 
from the bottom to the top, which influences the results 
somewhat since the time interval from the starting of 
the fans was not exactly the same for all levels. <A 
quick response to changing temperatures on the part of 
the resistance thermometers is indicated and also a 
definite lowering of roof temperature and a raising of 
temperatures near the 55 ft level. 

The steam demand reached a peak of 8000 Ib upon 
starting the fans. The previous demand had been about 
3200 Ib per hour, which checks with the calculated heat 
loss of about 2,800,000 Btu for —15 F weather. The 
heavy demand for steam lasted for about 25 min. Since 
the recirculated air was well above 55 F, the by-pass 
around the tempering coils must have been open. The 
flow then would be divided between the tempering coils 
and the by-pass so that no great degree of heating 
would be done here. The air at the thermostat level 
of 25 ft was at a temperature of 60 F at the outset so 
that the outlet heaters were responsible for considerable 
heating. The temperatures at all levels continued to rise 


The roof vents 


This will be discussed 


Readings 


show the 
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until 10:30 although the 65 F temperature at the 25 ft 
level was reached at 10:10 a. m. 

The temperature at the 5 ft level also increased, but 
more slowly than that at the higher levels. The tem- 
perature at this level continued to rise until the fans 
were shut off shortly after 11:00 a. m. The tempera- 
tures at all higher levels dropped during this half hour 
ending at 11:00 a. m. This was due to heat being sup- 
plied at a rate below that of the heat losses. The tem- 
peratures at the thermostat level were well above the 
65 F that would permit steam to enter the outlet heaters. 
The main source of heat during this period would be the 
tempering coils. The steam consumption was about 
1000 Ib per hour higher in this period than it had been 
previous to fan operation. An inspection at 11:00 a. m. 
of the thermometers on the 24 balcony thermostats 
showed temperatures from 67 F to 69 F with most of 
them at 68 F. 

The spread of temperatures at 11:00 a. m. was 2.2 F 
from the 15 ft to the 95 ft level. The difference be- 
tween the 5 and 15 ft levels was 4.7 F. The total dif- 
ference was about one-third that observed before the 
fans were started. Since the air at the 5 ft level is 
below the level of the air outlets under the balcony, a 
low discharge temperature should be more effective in 
heating this level than high temperature air. Perhaps 
an audience seated in the balconies would aid heating at 
this level by retarding the upward flow of warm air. 
Had the balconies offered the same resistance to air flow 
as would obtain when filled with spectators the difference 
in temperature of 4.7 F between the 5 and 15 ft levels 
would probably have been further decreased. 

When the fans were shut off at 11:05, the difference 
between the highest and lowest temperatures increased. 
At 11:40 the total difference was almost 14 F, one-half 
of which was in the 10 ft between the 5 and the 15 ft 
levels. The curves if extended seem to indicate that 
still air conditions found previous to the start of fans 
would be obtained again shortly after 12:00 noon or 
about one hour after shutting down the fans. The 
steam consumption in this period was about 1600 Ib per 
hour, which is about one-half of that previous to the fan 
operation. This likely is due in part to heat stored in 
the structure. 


Temperature Gradients on Cold Days with Gravity 
Circulation 


Temperature gradients observed under conditions of 
no occupancy and still air conditions on three cold days 
are plotted together on Fig. 9. The temperature data 
shown on Fig. 8 at 9:50 a. m. appears as the Feb. 9, 
1933 points with —15 F outside temperature. The 
Feb, 5, 1933 temperatures were observed at a time when 
the outside temperature was —4 F. On Dec. 15, 1932, 
data were taken when the outside temperature was —2 F. 

All three curves show an upward turn from 85 to 95 
ft. Since there was bright sunshine on all three days, 
this was probably due to the sun effect. The rate of 
rise from 5 to 15 ft was considerably greater than that 
for the remaining distance in all three cases. The curve 
for —15 F weather has the steepest gradient. In each 
case the temperature at the 25 ft level where the thermo- 
stats are located was below that for which they were 
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set. This shows that the steam would be on all co'ls 
and that under reverse gravity circulation the system 
lacked the capacity necessary to maintain conditions e- 
sired for occupancy periods. On the coldest. day, this 
inadequacy resulted in about three degree lower tem- 
peratures at the lower levels than on the days with near 
zero temperatures. 

The weather was not greatly different on Dec. 15 and 
Feb. 5. It seems impossible to account for the difference 
in gradient on these two days. The temperatures at 
lower levels were the same whereas at the higher levels 
this difference became about 4 F. The previous weather 
does not offer an explanation. On Dec. 13, 14 and 15 
the mean temperatures were 6 F, 7 F and —5 F with 
minimum temperatures of —5 F, —1l F and —10 F 
respectively. On Feb. 3, 4 and 5, they were 16 F, 2 F, 
and 2 F, with minimum temperatures of 12 F, —8 F 
and —12 F. The mean of 2 F for Feb. 5 is not a true 
indication of the weather at the time of the readings 
for that day. The weather changed rapidly in the after- 
noon due to warm southwest winds. The temperature 
was —10 F at 7:00 a. m. and —2 F at 12 noon. The 
average wind velocities for the three December days 
were 11.0, 11.4 and 9.7 miles per hour and were 8&8, 
11.4 and 11.4 miles per hour for the three February 
days involved. The roof vents were closed during all 
of these days. No explanation is known for the differ- 
ence in these two gradient curves. 

Since gradients under such extreme temperatures are 
useful for calculating the heat losses that must be met 
by the heating system under the severest conditions, the 
results for Dec. 15 are considered to show the design 
conditions for zero weather. A broken straight line has 
been plotted through the points, neglecting the sun effect. 
The straight line for the lower levels was intentionally 
lowered 1 deg that it might intersect the straight line 
for the higher levels at the 15 ft level. 

The equation for determining the temperature at any 
elevation for gravity circulation from 0 to 15 ft would be 
t=51+ 0.76H 

where 


t is the air temperature at 7 elevation in feet 
51 is the air temperature at the dirt floor. 


The similar equation for temperatures at elevations 

from 15 ft to 100 ft would be 
t= 51+ (0.11 H + 9.7) or t= 60.7+0.11H 
where t, H and 51 are as above and 9.7 is the difference in 
intercepts on the temperature axis 

The equations show that the rise in temperature is 
about 34 of one degree per foot in the first 15 ft and 
about 1/10 of one degree per foot for the remainder of 
the height. 

The difference in temperature from the lowest point 
of the lower balcony to the highest point of the upper 
balcony is about 5 F. It will be noted that the tem- 
peratures were practically the same at the 15 and 25 ft 
levels. Why there was not a gradual transition from 
the steep gradient of the lower levels to the slower 
gradient of the upper levels is not known. The ther- 
mometers were checked in order to account for this 
behavior but no error was found. Possibly the move- 
ment of air towards the outlets which act as inlets on 
reversed gravity flow causes this disturbance to a smooth 
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gradient transition. These outlets are located near the 
15 ft level. 

It would appear that the heating of air at the 15 ft 
level, the carrying of it through ducts to the 73 ft level. 
and there discharging it towards the peak of the build- 
ing would be conducive to the maximum temperature 
gradient. Under these conditions of gravity flow, the 
fans not running, the system corresponds closely to a 
high outlet gravity convector heater system. The inlets 
are below the balconies at the 15 ft level and the main 
sources of heat are located here. Additional heat is 
added a short distance above this in the tempering coils. 
The discharge is at the 73 ft level through the 12 re- 
circulating openings located at that elevation. Building 
air probably enters the lower recirculating inlets of the 
fan system located at the 58 ft level, flows upward and 
mixes with heated air which is discharged through the 
openings at the 73 ft level. 

The location of the inlets of these gravity convectors 
15 ft above the floor probably accounts for the abrupt 
change in gradient experienced at the 15 ft level. The 
location of the outlets at an elevation of 73 ft would 
appear to be conducive to high ceiling temperature. 


Conclusions 


The system as installed is considered to be well suited 
to the heating and ventilating requirements of the build- 
ing. During inoccupancy periods, gravity circulation 
places a limit on the heating capacity and therefore the 
cost of heating. During occupancy, the balconies are 
heated by a high temperature discharge from outlets 
placed below them. When the desired balcony tempera- 
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ture is reached the steam is shut off from the outlet 
heaters and air is then discharged at the lower tempera- 
ture desired at the playing floor and diffuses over the 
lower levels. When the air over the playing floor is 
warmer than desired, this entering air will lower the 
temperature. If it is cooler than desired, the entering 
air will raise its temperature. 

Under gravity circulation and near zero outside tem- 
perature conditions, a temperature gradient of about 34 
of a degree per foot was found for the first 15 ft of 
elevation and about 1/10 of a degree per foot from 15 
ft to 97 ft at the peak of the roof. While these results 
apply strictly only to a building and a heating system 
similar to that tested, it is considered that this gradient 
would be approached in any large single room building, 
exposed on all sides and on the ceiling and with heating 
units located 15 ft or less in height above the floor. 
Should radiant heaters be placed at higher elevations 
the gradient probably would be increased. 

A fan system is considered desirable in this type of 
building in order to reduce humidity by the introduction 
of outside air and at times to remove the heat from the 
audience. The fan system when operated recirculating 
reduces the temperature gradient. On a —15 F day 
and no occupancy, the gradient of about 22 F with 
gravity circulation was reduced to approximately 7 F 
with fan recirculation. Just how much of a tempera- 
ture gradient will exist under fan recirculation depends 
upon, among other factors, the size of the audience and 
the discharge temperature from the outlets. 

It is considered safe and desirable in this type of a 
building that the designer use the temperature gradient 
observed under gravity circulation rather than any found 
with fan recirculation. 





Society to Celebrate 40th Anniversary in 
New York 


During the week of February 5, 1934, the Society will hold 
its 40th Annual Meeting at Hotel Biltmore, New York City, 
with members of the New York Chapter as hosts. Pres. H. L. 
Alt of the New York Chapter, has announced the appointment 
of Arthur Ritter as Chairman of the Committee on Arrange- 
ments and subcommittees to handle the reception, registration, 
entertainment, transportation and publicity are being organized. 

During the same week, February 5 to 9 inclusive, the Third 
International Heating and Ventilating Exposition will be held 
at Grand (Central Palace, New York. 

Special sections have been reserved in the Exposition for 
gas heating equipment, oil burners, warm air heating, air con- 
ditioning, cooling and refrigeration. Reservations have been 
made by leading manufacturers of apparatus and all indica- 
tions point to a comprehensive display of equipment required 
for any heating, ventilating’ or air conditioning service. The 
development of two years will be noticeable in the new types 
and improved models that will be demonstrated by the ex- 
hibitors. 

Exposition Advisory Committee headed by C. V. Haynes, 
Firs: Vice President of the Society, is cooperating with the 
exp: sition management. 


Construction Code Explained to New York 
Builders 


Nearly 500 members and guests of the New York Building 
Congress attended a luncheon at Hotel Roosevelt, New York, 
August 16 to hear an address by Stephen F. Voorhees, Chair- 
man of the Code Committee of the Construction League of the 
United States. 
of Fair Competition for the Construction Industry and outlined 
the provisions of the blanket code which had been submitted 


Mr. Voorhees gave an analysis of the Code 


under the provisions of the NRA. 


In giving the history of this project Mr. Voorhees pointed 
out that the master code was sponsored by the Construction 
League and that other national associations were preparing sup- 
plementary codes to cover architecture, engineering, contracting 
and manufacturing of materials. 


The speaker said that the plan of administration provides 
for the principle of self government in each group and urged 
everyone in the building field to support President Roosevelt's 
efforts. 

Some of the New York members of the Society who attended 
were: Henry C. Meyer, Jr., John G. Eadie, R. Donnelly, W. 
W. Timmis, L. K. Berman, R. K. Raisler, W. L. Keplinger 
and A. V. Hutchinson, secretary of the Society. 
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This paper is the result of research conducted at Armour Institute of Technology of Chicago, in cooperation 
with the A. S. H. V. E. Research Laboratory and the Ventilating Contractors Employers Association of Chicago 


HE results obtained in the laboratories of Armour 

Institute of Technology from tests conducted to 

determine the most accurate and simple method 
of measuring the air flow through registers and grilles 
have been presented to the AMERICAN Society oF HEat- 
ING AND VENTILATING ENGINEERS at two previous meet- 
ings. As it appeared that the only instrument that was 
practical for use in this manner was the anemometer, the 
work resolved itself into a study of that instrument and 
its characteristics. It must be clearly understood that 
there was no expectation of developing a precise lab- 


Sees 
— Q 
wun HT 
\| } 
| 1} 
}——__ the — 


Fig. 1—Test set-up for 
supply grilles 


meter traverse taken in contact with grille face 
(after applying the usual instrument corre 
tion ) 
A = gross area of grille, square feet 
a = net free area, square feet 
Cy = coefficient obtained by experiment 
The virtue of this formula was that this coefficient 
was very close to unity, so for many practical purposes, 
it could be omitted entirely. 
The observations upon which this formula was based 
were of a rather limited character, being confined to thin 
metal grilles of a simple lattice work design, except for 
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oratory method, but rather a method applicable to field 
tests where errors not to exceed 5 per cent may be con- 
sidered reasonable. 

The investigations were conducted with both supply 
and exhaust grilles. The setup consisted, briefly, of a 
well constructed system of ducts so arranged that the 
same air that passed through the grilles was also drawn 
or forced through a straight round section of duct of 
1elatively small insure rather high 
velocities. Pitot tube traverses, taken in two directions 
across this pipe, were used as the basis for comparison 
with anemometer traverses taken by various means at 
the face of the grille. This test setup, as arranged for 
supply grilles, is shown in Fig. 1. 

To prevent confusion the discussion will be confined 


cross-section to 


to supply grilles. 
‘ . = e 

In the first paper' a new formula was developed, 
namely : 


in which 
cfm = volume of air in cubic feet per minute 
l’ = average indicated velocity obtained by an anemo- 
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one observation with a piece of expanded metal lath. 
One type of anemometer was used throughout the early 
experiments, and most of the observations were taken 
with fairly satisfactory types of approach ducts. Since 
that time an attempt has been made to determine how to 
apply this formula to the many variable conditions en- 
countered in practice. These conditions include: 

1. Different types of anemometers 

2. Grilles of ornamental design 

3. Registers of various special and unique design 

4. Unit heater cores and unit ventilators 
5. Various types of approach ducts 
6. Grilles of various dimensions 
7. Lattice work grilles in which the frets are relatively large 

8. Grilles backed by screens, heater cores, adjustable damp- 

ers, etc. 

Some of these cases were discussed in a previous 
paper,” particularly the use of the different types of 
anemometers. The most important disclosure brought 
out in this second report, however, was the fact that 
when the formula was applied to two special grilles of 
an ornamental plaster design, the results were very un- 
satisfactory, the error in one case amounting to 20 per 
cent while in the other it reached a peak value of 45 per 
cent. Recently considerable time has been devoted to 
an attempt to explain this phenomena with results that 
will be discussed in detail elsewhere in this report. 

In order to have a basis for comparison a certain sct 

*The Measurement of the Flow of Air Through Registers and Grilles, 
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of conditions will be assumed, and on the basis of an 
earlier report these conditions will be designated as 
normal. The specifications for these normal conditions 
are given in Table 1. 
Table 1—Specifications for “Normal Conditions” in using 
anemometer to measure air discharged from a grille 

Type of grille—Plain lattice work of thin metal. 

Free area—30% to 90% 

Overall dimension, ft—2x2 

Width of fret—"% in. 

Thickness—rs in. 

Type of approach—Straight duct full size of grille, free from 
elbows, dampers, splits or other forms of obstruction. 

Character of discharge—Straight forward—uniform distribu- 
tion. 

Character of anemometer traverse—16 spot readings taken at 
centers of 6 in. squares, anemometer in contact with grille face. 

Type of anemometer—4 in.—200 ft to 3000 fpm capacity. 

CV (A +a) 
Formula to be used—cim = ———— — 
° 


Values of C recommended. 


Air Velocity, fpm Cy 
150 0.952 
200 0.957 
300 0.967 
400 0.977 
500 0.985 
600 0.992 
700 0.998 
800 1.000 


Now it is apparent that if any one of these conditions 
is changed the results obtained may be in error. For 
example, if a condition existed in the approach duct 
which caused the air to be discharged at a pronounced 
angle it might conceivably cause the anemometer to read 
low. If this were a fact, and the normal procedure and 
normal formula were used, the calculated volume of air 
would be lower than the true volume by an amount pro- 
portional to the error in the anemometer reading. This 
error might be corrected for either by some modification 
in the standard procedure, or by the application of spe- 
cial coefficients or correction factors. 

Considering the number of variable factors it might 
appear then that it would be necessary to use a veritable 
book of coefficients and special instructions to deal effec- 
tively with the various cases. Fortunately, this is not 
true. Several of the factors are of little consequence 
and others can be handled by the application of a few 
simple rules of procedure. 

Let us now consider some of these factors and their 
effect on the accuracy of the results obtained when the 
normal procedure and normal formula and coefficients 
are used. 


Different Types of Grilles 


Considering, first, the effect of changes in the design 
of the grille itself, Fig. 2 shows some of the grilles that 
have been tested and found to give results identical with 
those obtained with the plain lattice work type. It will 
be noted that the frets in the different types differ con- 
siderably. For example, f has the small round wire, c 
anc d thin flat strips half an inch deep, e diamond 
shaped, @ rather deep tapered frets, etc. In addition 
to those illustrated several others of similar character 
ha\. been used, including the lattice work designs with 
var ous widths of frets under 3 in., and various per- 
cen: .ges of free area. Tests were made using orna- 
| iron and plaster designs where the figures in the 
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Fig. 2- 


-Examples of grilles which do not require special 
treatment 


design were all of relatively small size. Tests also were 
made using grilles of various overall dimensions and 
proportions, from approximately 9x12 in. and 5x40 in. 
to the 24 in. square that was used in most of the early 
work. So far as the design and size of grilles is con- 
cerned, the conclusions are that the normal procedure 
can be followed within the following limitations: 

1. Size—anything except possibly those of extremely small 

dimensions. 

2. Percentage of free area—no limitation 

3. Design—either plain or ornamental 

4. Depth of grille—any depth not to exceed approximately 

10 times the minimum distance between frets. 

5. Width of frets—not to exceed % in. 


It should be noted that throughout this paper the term 
grille will be used in a rather broad sense so that it may 
refer to anything having the general character of a grille, 
such for example, as radiator cores. Thus, in Item 4, 
are called to mind certain heater cores of the tube and 
fin type, where the depth is several inches, and the dis- 
tence between fins only a fraction of an inch. In such 
cases the resistance in the long narrow passages has the 
effect of a much smaller free area than the actual meas- 
ured value. Hence, if the standard procedure is fol- 
lowed, the calculated air flow may be some 10 to 15 per 
cent too high, even when the velocity distribution is uni- 
form. With an irregular velocity distribution such as 
is obtained when the propeller or disc fan is used, the 
error may be much greater. 

In some instances grilles of the usual types are backed 
by ordinary wire screen. Tests were made to determine 
how to handle these situations. The*standard procedure 


can be followed exactly except that in determining the 
free area both the grille and the screen must be con- 
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Fig. 3—Special types of grilles 


sidered. The percentage of free area of the combina- 
tion, where they are in reasonably close contact, can be 
taken as the product of the two individual values. Thus, 
for example, imagine a plain lattice work grille, 4 square 
feet in area and with 60 per cent free area backed by an 
§ mesh screen having 70 per cent free area. The free 
area a to be used in the formula would be: 
a=4x 0.6 X 0.7 = 4 X 0.42 = 1.68 sq ft 

If the screen is several inches removed from the grille 
proper, it will fall into a class to be discussed later. 


Grilles Requiring Special Consideration 


Certain types of grilles (using the word again in its 
broad sense) are of such unique design that there nat- 
urally exists in the mind of the operator considerable 
doubt as to what should be taken as the free area. 
Examples of some of these are shown in the sketches 
a, b,c, d, of Fig. 3, and the photograph, Fig. 4. 

Sketch a in Fig. 3 illustrates a door louver similar to 
the one used by Professors Larson and Nelson in their 
Investigation of Air Outlets,’ and Sketch bd is a grille 
of the same general character as the one illustrated in 
d of Fig. 2, except that the outer edges are turned down 
about 30 deg. 

The general rule in all these cases is to take for free 
area the minimum cross sectional area at any point in the 
air stream. Where the frets are at an angle this area 
will be the area between them measured normal to their 
surface (distance b on sketches). As an example of 
how this rule is applied, consider the door louver illus- 
trated. The anemometer traverse should be made across 
the face of the louvers in the usual manner, the upper 
strip through which no air can issue being, of course, 


*See Investigation of Air Outlets in Class Room Ventilation—A. S. H. 
’, E. Journat Section, Heating, Piping and Air Conditioning, June, 
19382. 
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not considered as part of the face. The gross area, . 


in the formula should always be taken as that area over 


which the traverse is taken, in this case 5 sq ft. TI 
free area would then be taken as 

a = 2% X (2 cos 45° — 16 X % X 1/12) = 2% X 1.081 = 

2.702 sq ft 

The same result would be obtained if the free area at 
the face were simply calculated and multiplied by the 
cosine of the angle of the louvers. Or many will prefer 
to caliper directly the minimum distance between thie 
louvers. The actual method of calculation for free area 
is optional but in cases of this kind the problem must 
be studied carefully for it is easy to make an error. 

When Professors Larson and Nelson ran their 
anemometer calibration tests on the door, they found it 
necessary to use a coefficient of from 0.78 to 0.85 in the 
C\V (A 4-a) 
—~--—— — formula. 

2 


They used the free area meas- 


ured at the face. They furnished complete copies of 
the original data, and when recalculated by the method 
here described the average coefficient obtained from thir- 
teen runs differed from those which have been recom- 
mended by only slightly over 1 per cent, the maximum 
discrepancy being 5 per cent, obtained at a very low 
velocity. These results are regarded as of particular 








































Fig. 4—Grille of 


unusual design 
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value because of the fact that they were obtained by a 
different experimenter and with different apparatus. 

Another application of the same principle is with the 
grille shown in Sketch b, Fig. 3. As already stated, this 
is identically the same as the one shown in photograph 
d, Fig. 2, except for the turned down edges. These two 
types are classed by their maker as straight fin, and angle 
type fin respectively. The manufacturer lists these 
grilles as having 84.3 per cent free area, and careful 
measurement on the straight fin type was made to verify 
this figure. When traverses were made on the straight 
fin type by the normal method the results obtained were 
very satisfactory. With the angle type fins, however, 
the calculated quantities were some 6 per cent to 7 per 
cent high. A careful check on this type showed that 
when the free area was calculated by taking the mini- 
mum distance betwen the fins (at the point where they 
slope downward, b on sketch) it was found to amount 
to only 76 per cent of the gross area. Using this smaller 
figure in the formula the error in the anemometer 
traverse was reduced to less than 2 per cent. 

The sketches, c and d, of Fig. 3, illustrate two regis- 
ters with which interesting results were obtained. The 
first of these was a plain lattice work grille, behind which 
was a set of dampers. Runs were made in the usual 
way with the dampers set for various angles. The values 
of A and a in the formula were first taken directly from 
the grille face, the presence of the dampers being 
ignored. It was found that accurate results were ob- 
tained up to the point where the minimum area through 
the dampers (calculated by the same means used with 
the louvers already discussed) became less than the free 
area of the grille itself. Beyond that point the calculated 
results were too high unless this minimum free area 
through the dampers was used for free area in the 
formula. 

The second. of these registers is of special interest 
because of. its unusual design. Its face may be either 
the usual lattice work or the bar type shown in Fig. 4. 
In back of this face grille is a zig-zag series of shutters 
consisting of two thicknesses of metal lying flat against 
each other. Each of these metal strips contains rec- 
tangular openings measuring 7% in. by 134 in. so placed 
with respect to each other that as the shutter operates 
the 7 in. dimension can be reduced by any desired 
amount. Traverses were made in the usual manner 
with the shutters in various positions, and in each case 
calculations were made in two ways, first, by using the 
free area of the grille and secondly, by using the area 
through the shutters. The results are shown in Table 2. 


Table 2—Results obtained from traverses made on register 
shown in Figs. 4 and 3d 











Gross | Net Free | Net Free | Per Cent / Per Cent 
POSITION OF AREA | _ AREA AREA ERROR Error 
SHUTTERS SeFr | Tsrovcn | THrovucH UsINnG Usinea 
. . Gritte | SHutrers | Gritte | SHUTTER 
| AREA AREA 
ll open 1.614 0.977 | 1/19 +70 +175 
closed. 1.614 + 0.977 0.935 + 9.0 +70 
closed. . 1.614 0.977 | 0.595 +12.0 — 4.7 
closed 1.614 0.977 0.2975 +32 .0 — 2.5 


Here again it will be seen that when the shutters were 
de open the greatest accuracy was obtained by using 
: grille area, which is smaller than the shutter area, 





Heating -Piping 420 
aiAir Conditioning 


whereas when the shutters were partly closed so as to 
reduce their area to a figure smaller than the free area 
of the grille, the greatest accuracy was obtained by using 
the shutter atea. The results were ‘somewhat less con- 
sistent than those obtained with plain grilles but this 
was to be expected under the circumstances. 

Other observations taken with one grille mounted two 
or three inches in front of another, or in front of a 
heater core, indicate that the rule discussed here may 
be taken as a general one. That is, when a grille has 
behind it, within a few inches distance, any obstruction 
of the general character of those described, the gross 
areas should be measured at the outer face where the 
anemometer traverse is made, but the free area should 
be taken at that point in the air stream at which it is a 
minimum. 

The fact has been mentioned that when runs were 
made on two ornamental plaster grilles by the usual 
method some very large errors were found. 
planation for this phenomena was offered in the earlier 
paper but further thought and experiment since that 
time has produced gratifying results. 

In order to find the explanation for the inconsistent 
results obtained with these grilles it was necessary to 
analyze them carefully in order to determine in what 
manner they differed from the other 
analysis shows the following characteristics : 

1. The grilles were quite thick. 

2. The designs were of an ornate character. 

3. The surfaces were rough and not all in one plane. 

4. The outer edges were rounded off. 

5. The details*of the design were large, that is, large irregu 

lar frets and large interstices. 


No ex- 


grilles. This 


The first four of these factors were quickly eliminated 
by the fact that satisfactory results were obtained with 
other grilles possessing one or more of these charac- 
teristics. This directed particular attention to the last 
factor, because the one having the largest details and 
widest frets, gave the poorest results. Furthermore, 
when traverses were made with the 6 in. anemometer the 
results were considerably improved, there being a much 
greater difference in the readings of the two instruments 
than is normally the case. 

In order to study the subject in a systematic manner 
a large number of lattice work grilles were made up 
out of strips of wood, approximately \% in. in thickness 
and of various widths up to 134 in. and with various 
spacings so as to give, in each case, several amounts 
of free area. Traverses were made in various ways, 
to be discussed later, and with various types of anemo- 
meters. It was disclosed that as the size of the fret in- 
creased the error obtained by the standard formula also 
increased, reaching a value of over 40 per cent with a 
134 in. fret, 30 per cent free area and the 4 in. anemo- 
meter. This means that in the case cited, it would be 
necessary to introduce into the formula a new coefficient 
having a value of approximately 0.7. It appears then 
that when the frets of a grille are large, it will be neces- 
sary to add a second+coefficient to the normal formula, 
making it read ~ 
CrCWV(A + a) 


cim = 
9 


in which Cy, is the normal coefficient, recommended for 
grilles having small frets, and C, a special coefficient for 
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use only when the frets are large. Under the various 
circumstances this value of C, will range from 0.65 to 
1.00, being a function of three factors, namely, percent- 
age of free area, size of fret, and size of anemometer 
used. These last two factors may be considered as one 
as it is really the ratio between the size of the fret and 
the diameter of the anemometer that determines the 
value of the coefficient, other things being equal. 

The curve, Fig. 8, shows the values of C; to be used 
for various widths of fret, and percentages of free area. 
Greater difficulty has been experienced in securing en- 
tirely consistent results in these cases than in any others 
dealt with. For this reason the curves are being sub- 
mitted as tentative, subject to possible revision as addi- 
tional data are secured. However, they may be used 
with the assurance that under the conditions to which 
they apply, the results obtained will be more accurate 
than would be secured by any previously recommended 
method. It is planned to continue the research on this 
point, and a set of curves in final form will be submitted 
as soon as they can be secured. 

As an example of the application of this method, 
reference to the results secured with the tests on the 
large plaster grille indicates that the frets of this grille 
varied from 34 in. to 3 in., but a careful estimate of 
the average would place it at about 1% in. The free 
area was 34.2 per cent. Consulting the curves it is found 
that the proper coefficient is 0.72. The results calcu- 
lated by the normal formula were, at the higher veloci- 
ties, 34 per cent too high. In other words, the calcu- 
lated flow was 1.34 times as great as the actual flow. 
If this figure is multiplied by the new coefficient the 
result is: 

cfm = 1.34 X 0.72 = 0.965 
or an error of 314 per cent. 

It should be emphasized again that this new coefficient 
need not be considered when the frets are less than 34 
in. with the 4 in. anemometer, and 5¢ in. with the 6 in. 
instrument. The greater the size of the frets the more 
important it becomes to use great care in making the 
traverse. In all cases where the frets average over 34 
in. it is recommended that some one of the forms of 
moving traverse be used. 


Methods of Making Traverse 


Several methods may be followed in making the 
traverse to obtain the average velocity. These methods 
may be classified as follows: 

1. Spot traverse—stationary readings. 

2. Overall moving traverse. 

3. Spot traverse—moving readings. 

1. Strip traverse. 

The first of these methods was used throughout the 
early part of the research, although enough readings 
were taken by the other methods to show that with 
proper care they all gave substantially the same results 
for the cases then under investigation. With the spot 
traverse method the grille face is divided into a number 
of equal rectangles having their least dimension approxi- 
mately equal to, or greater than, the diameter of the 
instrument to be used. A reading of not less than 30 


seconds, and preferably of one minute duration, is then 





September, 1933 


taken with the anemometer held at the center of each 
rectangle in succession. Where the grille is very large the 
size of the individual rectangles may be increased so 
that not to exceed twenty such readings are taken. If 
the velocity distribution is reasonably good, it is per- 
missible to use a smaller number of readings. In laying 
out these rectangles it is essential that they should not 
coincide with any repeating figure in the grille design 
except of course, very small figures such as the squares 
of a small lattice work grille. For example, suppose 
a grille is 24 in. square and the design is made up of 
a six inch square pattern repeated four times in each 
direction, If either of the spot traverse methods are 
to be used, the face should be divided either into 9 
squares, 25 squares or 15 rectangles each &x4.8 in. 
This principle should be followed even though it neces- 
sitates using dimensions so small that the successive 
anemometer positions overlap each other slightly. The 
larger the detail of the pattern, that is, the wider the 
frets and interstices, the more important this rule be- 
comes. 

The spot traverse is disliked by many workers because 
of the time involved. With these the overall moving 
traverse is preferred. Used with proper care this method 
may be very nearly as accurate as the spot method and 
under certain special circumstances may even become 
the most accurate. The usual procedure in using this 
method is to move the instrument along the upper edge 
of the grille, from one side to the other, then drop it 
down a short distance and return along a parallel path. 
This back and forth movement is continued until the 
entire face has been covered. 

To secure satisfactory results two precautions must 
be observed. In the first place, the motion must be at a 
very steady rate, especially in those cases where the 
velocity changes a great deal from point to point. To 
maintain a uniform rate of movement it is advisable to 
figure out in advance exactly where the instrument 
should be at the end of certain time increments. [Tor 
example, if it is desired to make a four minute traverse 
on a 2 ft square grille by making four horizontal strips 
across the face, the operator should keep one eye on the 
watch and constantly adjust his speed so that each suc- 
cessive 6 in. distance will be covered in 15 seconds. The 
second precaution is to allow for sufficient time. Here 
again, caution is essential in those cases involving rapid 
and large changes in the air velocity, whether they are 
due to the character of the approach or to peculiarities 
of the grille design. It is recommended that the instru- 
ment should be moved at a speed not greater than 2 ft 
per minute, and the duration of the run should be not 
less than fo minutes. However, the personal element 
will always be a more important factor with this type of 
traverse than with any other, hence in general, it is not 
recommended where the greatest accuracy is desired. 

The third method is similar to the first and differs from 
it only in that the anemometer is moved around slowl) 
within the boundaries of the individual rectangles or 
squares. It is unnecessary to say, of course, that it is 
only applicable to those cases where the small rectangles 
are larger than the anemometer being used. With thi 
method it is permissible to use fewer readings take: 
over larger rectangles. In effect this third plan is 
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compromise between the first two methods, and a very 
satisfactory one at that. 

The fourth and final traverse method is really only 
a modification of the third. The grille is divided into 
parallel strips having widths approximately equal to the 
anemometer diameter. These must be such width, how- 
ever, that they do not coincide with any repeating pat- 
tern in the grille design. The instrument should then 
traverse each of these strips from end to end, a separate 
observation being taken for each strip. If the strip is 
wider than the instrument it is advisable to zig-zag it 
back and forth as it moves along so that it follows 
roughly a repeating sine curve as the traverse is made. 

When the grille design is made up entirely of small 
details and the air flow is distributed well out to the 
edge of the grille on all sides it makes little difference 
which of these methods is used. When the grille has 
very large details, however, carelessness in making the 
traverse may introduce very large errors. 

As an illustration four grilles, 24 in. square were made 
up of wood strips 1% in. wide. These four grilles con- 
sisted of 3, 4, 5 and 6 strips respectively, in each direc- 
tion. Traverses were made by the first method using 16 
squares. The results obtained with the 3, 5 and 6 slat 
grilles were consistent both with respect to each other 
and with respect to other similar grilles having frets of 
smaller size. But the four strip grille was out of line 
by approximately 30 per cent, due to the fact that for 
each reading taken, the anemometer was in exactly the 
same position with respect to the strips; that is, in each 
case the center of the instrument was directly opposite 
the intersection of two frets. When the 4 in. instrument 
was moved about within the 6 in. square but slight 
change was noted. However, when nine observations 
were taken on 8 in. squares, and when the strip traverse 
was used, using 5 strips, the results were quite satisfac- 
tory. For this type of grille, and this includes the orna- 
mental iron and plaster with large details, it is recom- 
mended that the strip traverse, or the spot traverse with 
moving readings, be used. Above all, be certain that the 
unit areas, whether they be long strips or squares, do 
not coincide with repeating patterns in the design. 


Effect of Approach 


The nature of the duct as it approaches the grille will 
naturally effect the character of the air stream. 

The approach may cause the air to be discharged at 
a pronounced angle to the axis of the grille, or it may 
cause a very bad velocity distribution. These two effects 
may be present either independently or simultaneously. 
In general, a grille possessing considerable depth in pro- 
portion to the size of the openings, such as those shown 
in Fig. 2, a and d, will tend to straighten the air stream 
so that it will leave the grille at a 90 deg angle. They 
will not be particularly effective however, in causing a 
uniform velocity distribution. Other things being equal 
the most uniform velocity distribution will be attained 


with a grille having a relatively small percentage of free 
area. 


=) 


"he fact that the airstream strikes the anemometer at 
appreciable angle to the normal does not in itself 
becomes 
in his book Measurement of Air 


a 


ca'is€ any serious error until the angularity 
ex'reme. E. Ower, 





Heating -Piping 491 
aiAir Conditioning 


Flow states that an angle of 20 deg only causes an error 
of 1 per cent. He also reports an error of 19 per cent 
for 40 deg inclination. Recent experience with angular 
discharge from plain lattice work grilles on vertical 
risers showed only about 5 per cent error for a 40 deg 
angle of discharge. However, some portions of the air 
stream were at a smaller angle, which, no doubt, partly 
explains the relatively small error. Furthermore, the 
angular discharge is usually accompanied by a velocity 
change from a low value at the bottom to a peak value 
at the top. These two effects are, in part, compensating 
influences which also tend to reduce the error. 
Considerable time was spent investigating the effect of 
poor velocity distribution on the accuracy of the traverse. 
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Fig. 5—Effect of approach on air stream 


The vertical riser shown in section a Fig. 5, was one of 
those used to create this condition. It can be seen that 
it enlarges rapidly from an 8x16 in. stack to a 16 in. 
square grille. Several types of grilles were used. The 
discharge from the plain lattice and other thin grilles was 
upward at angles up to approximately 40 deg. The dis- 
charge from the grille shown in section d Fig. 2, was 
straight forward, while from the one shown in section b 
Fig. 3, it was downward at approximately 30 deg. These 
latter grilles, however, had a very large percentage of 
free area, and as a result the air was discharged at a high 
velocity at the top, while no air at all was flowing from 
the bottom portion. In no case was there any backflow. 

The second riser, b in Fig. 5, had a sharp corner for 
the purpose of creating a reversed flow along the bottom, 
as this condition is encountered so frequently in practice. | 
ager this did cause the backflow through a strip 134 ~ 

. wide with some of the grilles and a turbulent strip for 
oauthet 2% in. the results, when taken by the normal 
niethod of 16 spot readings, four of which were nega- 
tive, were surprisingly accurate considering the circum- 
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stances. The greatest error in any case with these two 
risers was 10 per cent, while the majority of the readings 
were accurate to within 5 per cent. However, from time 
to time special cases have been encountered where the 
error was excessive, so it is recommended that in all 
cases where a quiescent region or reentering air is en- 
countered special precautions should be taken. Where 
there is simply a dead region this portion of the grille 
should be marked off and the traverse taken only over 
the remaining portion through which air is actually be- 
ing discharged. Needless to say, only this latter part of 
the grille should be used in calculating the gross and net 
areas. 

Where there is reentering air the problem is some- 
what more confusing. If it is only at a very low velocity 
and over a small area, it may be neglected entirely, and 
the area treated as though it were in a quiescent state. 
If the amount of reentering air is large, however, it 
must be taken into account. To do this it is recom- 
mended that the grille face be divided into two parts, 
one carrying outcoming air, the other reentering air. 
The outcoming air should be measured by the usual 
method using whatever type of traverse is desired. The 
other portion should then be measured in the usual 
manner recommended for exhaust grilles. The volume 
of flow obtained by this second calculation should then 
be subtracted from the first to obtain the net volume. 
In many cases this procedure is not practical because the 
width of the strip through which the reversed flow takes 
place is too narrow to permit of an anemometer traverse. 
In such cases the best procedure will be to cover that 
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Fig. 6—Effect of dead strip 


portion of the grille with card-board or adhesive paper, 
so as to prevent the inflow during the time that the 
balance of the grille is being traversed. This method 
has been tried with very satisfactory results. 

As has been suggested before, even if these special 
methods are ignored and the traverse taken by the 
standard procedure over the entire face the results will 
not usually be as inaccurate as might commonly be sup- 
posed. This is only true, however, when the grille is 
approximately square and not too small. If one of the 
dimensions is quite small, say 4 to 6 in. the possibility of 
serious error is great because of the fact that a narrow 
strip along one edge may represent a very appreciable 
percentage of the total area. To illustrate this point a run 
was made with a long slender grille taken from the top 
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of a unit ventilator. Not having an approach made to : t 
it exactly, it was placed across the end of a 24 in. duct 
and the remaining portion was blocked off with wal- 
board, as illustrated by c in Fig. 5. 

Traverses were made by moving the anemometer very 
slowly from one end to the other while zig-zagging it up 
and down, and also by moving it first along the upper 
edge and then returning along the lower edge as ind- 
cated in the sketch. In both cases the calculated air 
volumes were 30 per cent too large. A careful study of 
the air stream was made with pitot tubes, small stream- 
ers and by holding the anemometer to one side of the 
grille and slowly moving it into the air stream until 
motion of the vanes was first observed. These observa- 
tions disclosed the fact that due to the character of the 
approach and method of mounting, the grille was acting 
like any normal orifice and causing a contraction in the 
air stream so that the actual width of it in the plane of 
the anemometer vanes, was only 4% in. When a traverse 
was taken using only the center strip the results were 
entirely satisfactory. Later another approach was ob- 
tained to fit this same grille. The contraction was then 
eliminated and accurate results were obtained with 
traverses taken over the full 6 in. width. 

If the dead region along one edge is of considerable 
width it will not usually cause serious error even though 
it is entirely ignored and the traverse taken by the usual 
method. The anemometer readings along that edge will 
be very low, or even negative in value, and will thus re- 
duce the calculated average velocity by the proper amount 
to compensate for the dead area. When, however, the 
dead strip is very narrow, say 1 in. or less, it will have 
practically no effect in reducing the speed of the anemo- 
meter. One reason for this can be seen by studying the 
sketch, Fig. 6. This shows a 4 in. anemometer travers- 
ing a 4 in. strip, in which the outer 34 in. is dead. This 
dead strip represents almost 20 per cent of the traverse 
area but only 13 per cent of the anemometer area is ex- 
posed to it. Added to this fact is the inherent character- 
istic of anemometers, that, if there is a variation in veloc- 
ity across their face, they tend to give a reading some- 
what higher than the true average velocity. 

Still another factor enters into the case of these 
slender grilles. Considering again the case of the 6 in. 
grille already discussed, Fig. 5, c shows two posi- 
tions of the instrument and the course followed in 
making the traverse. It should be noted that the center 
strip, where the highest velocity is liable to exist is really 
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Fig. 7—New instrument for measuring air flow 
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counted twice and thus has a disproportionate effect upon 
the final indicated average velocity. In these cases, that 
is, narrow grilles with rapid variations in velocity from 
side to side, it is recommended that one of the smaller 
types of anemometers be used. 

A narrow strip of dead space will cause more error 
than a wider one. Probably the worst case of all is 
where there is air issuing from such a narrow strip at a 
very low velocity relative to the remainder of the stream. 
A dead strip or reentering air is readily detected and 
can be corrected for, but a narrow low velocity strip may 
very easily be overlooked. It is recommended that in 
all cases, the edges of a grille should be carefully studied 
before proceeding with a traverse in order that any un- 
usual condition may be observed and a correction made. 

As strange as it may appear one of the conditions 
under which it is easiest to go wrong is in making a 
traverse across the end of an open duct. When such a 
traverse was made across a 24 in. duct the result was 
some 20 per cent too large. This was due to the fact 
that with the grille resistance removed the jet coming 
from the 10 in. duct farther back, did not diffuse enough 
to completely fill the 24 in. outlet. A small dead strip, 
about 1 in. wide, existed all around the opening, repre- 
senting 20 per cent of the outlet area and yet not wide 
enough to effect the anemometer readings. Placing a 
screen diffuser in the duct about 4 ft back of the grille 
corrected this condition completely and permitted a 
check between the anemometer and pitot traverses. 

















Table 3 
Arr DELIVERED Arr Bypassep 
| THROUGH Heater Core ArouNnD HEATER 
Per Cent | Per Cent 
VENTILATOR ERRoR | COEFFICIENT ERROR CoEFFICIENT 
Usina | NEEDED TO Ustne NEEDED TO 
V (A+a) = |Grve Accurate V (A+a) Give ACCURATE 
ae RESULTS sce ReEsvuLtTs 
Se ee) ee aoa - 
No. 1 | +31. 0.764 +58. 0.634 
No.2 | +36. 0.736 +73. | 0.578 
No.3 | +42. 0.705 +73. | 0.578 
No.4 | +46. | 0 688 +42. | 0.703 
_ Nod +29 @ .774 +43. 0.700 











Notes: Results obtained’ with 3 in. anemometer and unheated air. 


facings taken with 4 in. anemometer averaged 2 per cent more accurate. 
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Fig. 8 (left)}—Curves showing values 
of Ce for various widths of fret and 
percentages of free area 


Fig. 9 (below)—Showing one type of 
approach tested 





Unit Ventilators 


Considerable time was spent in attempting to find a 
satisfactory means of measuring the discharge from unit 
ventilators, that could be used in testing these devices 
in the field. For calibration purposes a long straight 
circular duct was connected to the suction side of each 
unit, as shown in Fig. 10. Pitot tube traverses were 
made in this entrance duct, and compared with anemo 
meter traverses taken by various means at or near the 
face of the grille. Observations were made on five 
different types of units submitted by the various leading 
manufacturers. 

Runs were first taken by the usual methods, both spot 
traverses and the various types of moving traverses. 
Very little difference was apparent with the different 


methods. When the volumes were calculated by the 


V(A+a) 
-_—_——-—— formula the average results were as shown 
Y 


in Table 3. It can be seen that the errors were very 
large, although quite consistent for those runs where 
the air was being passed through the heater cores. It 
would be possible, in these cases, to introduce a coeffi- 
cient of 0.73 for the 3 in. instrument in which case the 
maximum error would be about 5 per cent. This is not 
to be recommended however, as it would be but a make- 
shift solution at best and with no assurance that it would 
continue to give even a moderate degree of accuracy 
with new designs that may be brought out in the future. 
In fact, Professors Larson and Nelson in their work, 
checked the figures very closely for one unit, but dif- 
fered considerably with another. The similarity in the 
values of the coefficient were merely due to the fact that 
there was a general similarity in the types of construc- 
tion in the different units. 

In explaining the reason for the nature of the results 
obtained it must be pointed out that the grilles were all 
of a very open character having from 85 to 91 per cent 
free area while only a short distance below them were 
heater cores having much smaller areas. Thus, these 
heaters had far more influence in determining the char- 
acter of the air stream than did the grilles. Applying 
the principle, which has already been discussed, that the 
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minimum area in the air stream should be used for net 
free area, a in the formula, the areas through the heat- 
ers should in this case be used. This method, has been 
used with quite satisfactory results. However, the fact 
is recognized that it is difficult and sometimes impossible 
to measure or estimate accurately the free area through 
most heater cores. Furthermore, the flow from most 
of these units was quite badly distributed, especially 
when the air was bypassed around the heater. In fact, 
in the latter case, the extremely poor distribution offers 
the only explanation possible for the very poor results. 
Hence, it must be concluded that it is impractical to 
make direct traverses at the outlet grille of a unit venti- 
lator with the ordinary anemometer and be able to view 
the results with any degree of confidence. 

There has always been a tendency on the part of some 
experimenters to handle situations like this by placing a 
duct over the outlet and then traversing the open end 
with an anemometer. This method should always be 
viewed with suspicion. If the duct is straight it must be 
very long in order to be certain that the air stream will 
completely fill it. Tests were made with straight rec- 
tangular ducts, equal in dimensions to those of the out- 
let grille. Results obtained were 20 to 25 per cent too 
high although the lengths of the ducts were some eight 
times the least dimension of the grille. It was neces- 
sary to taper the duct until the outlet was only about 70 
per cent as great as the grille before anemometer trav- 
erses agreed with the true flow as shown by the pitot 
tubes. As it would be difficult to establish any fixed rule 
governing the amount of taper to be used, under dif- 
ferent circumstances, and as there is always the proba- 
bility that the presence of the duct will itself alter the 
flow, this method has never seemed to be a reasonable 
one. 

The only solution to the problem appears to be in the 
development of some new device that will be relatively 
unaffected by non-uniform velocity distribution and 
which will not call for a knowledge of the amount of free 
area. Experiments have been made 
with such a device, and a description 
of it is being included in this report. 


A New Method 


It is apparent that there are nu- 
merous cases where it will always be 
hard to measure the air flow by the 
usual means, due to special conditions 
which make it difficult or impossible 
to apply the rules which have been 
The unit ventilator repre- 
sents one case as already pointed out. 
In general, any case where the grille 
proper is preceded by any obstruction 
of such character that it is difficult 
to predict its effect on the air stream 
will fall into this class. Another case 
would be that of a unit heater of the 
suspended type using a disc or pro- 


discussed. 


Fig. 10—Set-up for testing unit venti 


lators 
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peller fan. Finally, grilles of a highly ornamental pat 
tern are difficult because of the difficulty in estimatin 
the amount of free area and the average width of tl 
frets. 

Some effort has been made to develop a new device t 
be used in conjunction with the anemometer that wil! 
permit making reasonably accurate measurements wit! 
out any knowledge of the details of the grille other tha: 
the gross area. The objective is to be able to make 
traverse with the device and then apply a simple formula 

cfm = K’V A 
in which 
V = indicated velocity 
A = gross area of grille 
K’=a coefficient—preferably a constant but possibly vary 
ing with velocity 

The first attempt was a simple cylinder about 10 in 
long having the same diameter as the anemometer. The 
theory was that the air entering this cylinder from the 
grille would spread out and diffuse until by the time it 
reached the instrument on the far end of the tube it 
would have a uniform velocity across the whole area oj 
the anemometer. The variation in K proved to be too 
great, being rather high with grilles of large free area, 
and small with those having small free area. The reason 
for this can be seen if it is realized that the cone and 
anemometer introduce a resistance so that when they are 
held up against any given spot on a grille, less air actu- 
ally passes that spot than would be the case if the device 
were not there. Now consider two points equal to each 
other in area, one on a grille having 80 per cent free area, 
the other having 40 per cent. Imagine, further, that the 
same volume of air is being delivered at both points. It 
follows that since the second has only half as great a 
free area as the first, the actual velocity of the air will 
be twice as great, and the kinetic energy four times as 
ereat. Naturally, this second stream will be relatively 


unaffected by the presence of any resistance such as the 
anemometer and cone. 
The problem then was of a somewhat paradoxical 
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nature. It was necessary to introduce resistance in order 
to break up and diffuse the jets coming from the inter- 
stices of the grille and at the same time keep the total 
resistance down to a minimum. After trying several 
types of cylinders, cones, and other special shapes, the 
one shown in Fig. 7 was finally evolved. At first only 
the right hand double conical portion was used, with the 
anemometer mounted on the outer end. The cone is 
fitted with a handle, not shown in the sketch. Later the 
3 in, tube was added, made so that it simply slips over 
the outer end of the anemometer. In making a traverse 
the grille face is divided into strips approximately 5 in. 
wide and the cone held with its rectangular entrance in 





Fig. 11—Showing method of making traverse 
with anemometer mounted in special cone 


contact with the grille and the axis at right angles to 
the face. The device is moved slowly from one end of 
the strip to the other. 
it was decided that the long narrow rectangular open- 
ing would be most satisfactory in reaching the narrow 
dead strips along the grille edges that so frequently cause 
trouble because of the inability of a circular instrument 
to reach them effectively. However, it has been found 
that unlike the normal anemometer traverse, the instru- 
ment is quite sensitive to the variations in the angle of 
flow. It is believed that if the entrance is made more 
nearly square this effect will be greatly reduced, so this 
change is to be made in the next model. It will also be 
practical to have two or more different types of entrance 
ones, each adapted to a certain class of work. At first 
the entrance was made of such size as to give an average 
efficient of 1.00. This was a mistake and when the 
entrance was reduced somewhat in size, considerably 
reater consistency was obtained. The screens are for 
e purpose of breaking up the individual air jets com- 
g from the grille. Naturally, they introduce resistance, 
d it was for the purpose of partly counteracting this 
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that the short 3 in. cylinder was added to the outlet side 
of the anemometer. The anemometer itself has some- 
what over 20 per cent of its area occupied by the dial and 
supporting bars. Hence, adding a short length of 3 in 
cylinder has the effect of increasing the outlet area. This, 
in turn, has the effect of giving a partial recovery of 
velocity pressure that is available for overcoming the 
The results obtained showed marked 
The com- 


screen resistance, 
improvement when this cylinder was added. 
plete device is, of course, somewhat large and slightly 
awkward to use, but it is thought now that it is possible 
to reduce the entrance cone both in diameter and length. 

The instrument as illustrated has an average coefficient 
ranging from about 1.03 at 200 fpm to 1.15 at 800 
fpm, with maximum errors of about 7 per cent. In 
judging the value of the instrument one must keep 
clearly in mind that these maximum occur 
under conditions where all other methods have failed 
completely to give even approximately correct results. 
For example, one test of particular interest was made 
with a suspended type unit heater. 
the end of a 24 in. duct in the position usually occupied 
by the grilles. The propeller fan was run so as to give 
the same velocity distribution that it would have in serv- 
ice, namely, a low velocity center, surrounded by a high 
velocity ring, and four relatively dead spots in the cor- 
ners. When a traverse was made with this new device, 
picking the coefficient from a curve based on results ob- 
tained from several grilles covering a wide range of 
types, the calculated discharge from the heater was only 
1 per cent in error. 

Furthermore, there is every reason to believe that the 
accuracy of the device can be still further increased by 
further development. It is planned to continue these in 
vestigations and full details of the progress of the work 
will be furnished to the Society. 


errors 


This was set against 


Exhaust Grilles 


No additional data have been secured on exhaust grille 
measurements since the last report was made. The re- 
sults secured at that time have been carefully studied, 
and a limited amount of similar data have been secured 
from other experimenters, as a result of which it has 
been concluded that the formula recommended at that 
time, namely 

cim = KVA 
in the most accurate one possible at this time. 

Most of the men applying this formula are using the 
average value 0.80 for K. With the exhaust grilles the 
air velocity had a much greater effect upon the value of 
the coefficient than was the case with supply grilles. For 
this reason, it is strongly recommended that the values 
of K given in Tue A. S. H. V. E. Guipe be used for the 
various velocities rather than the single constant. 

No observations were taken with the lattice 
erilles having large frets. However, the fact that the 
large plaster grilles gave results in very close agreement 
with the average figures obtained with the small lattice 
designs, indicates that on exhaust the large frets do not 
have any material effect. However, the usual precau- 


work 


tions regarding the methods of making the traverse as 
already discussed under that heading, should be followed 
in order to get the best results. 
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The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer 
ences shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Membership Committee as soon as possible. | ry 

When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 
vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 14 applications for mem- 
bership have been received and the names of these men and their sponsors are published in the following list. 

Members are requested to scrutinize the list with care. The Membership Committee, and in turn the Council, urge the mem- 
bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 
of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some members by September 15, 1933, these candidates will be balloted upon by the Council. Those 
elected to membership will be notified by the Secretary immediately after election. 
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Proposers Seconders 
3ARNES, WALTER E., Pres., Barnes & Jones, Boston, Mass. W. T. Jones Alfred Kellog 
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BouiLton, Linco.tn, Consulting Engr., Seattle, Wash. P. M. O'Connell S. D. Peterson 
W. W. Cox W. E. Beggs 
BoyLe, WALTER W., Consulting Engr., Pittsburgh, Pa. L. B. Pittock F. A. Gunther 
G. S. McEllroy F. C. Houghten 
CAMPBELL, ALFRED Quincy, Jr., Salesman, E. K. Campbell Htg. FE. K. Campbell D. D. Zink 
Co., Memphis, Tenn. E. K. Campbell, Jr. Carl Clegg 
Cottins, Joun F., Jr., Supervisor of Steam Installations, Alle- L. B. Pittock G. S. McEllroy 
gheny Co. Steam Htg. Co., Pittsburgh, Pa. F. A. Gunther F. C. Houghten 
Derry, James J., Sales Engr., Brooklyn Union Gas Co., Brook- J. M. Traugott F. B. Herty (A.S.M.E.) 
lyn, N. Y. J. M. Lednum (A.S.M.E.) J. I. Quinn (Non-Member ) 
Ericsson, Eric B., Engr.-Custodian, Chicago Board of Educa- John Howatt R. M. Getschow 
tion, Chicago, Ill. J. J. Aeberly J. J. Finan 
Goopwin, Water Cook, Div. Engr., Air Cond. Equip. Div., Frank Thornton, Jr. F. H. Hecht 
Supply Engrg. Dept., Westinghouse Elec. & Mfg. Co., East H. B. Orr F. C. Houghten 
Pittsburgh, Pa. 
HaRTWEIN, CHARLES E., Htg. Engr., St. Louis County Gas Co. K. S. Wallace C. R. Davis 
St. Louis, Mo. C. A. Pickett G. W. F. Myers 
Herty, Frank B., House Htg. Supervisor, Bklyn. Union Gas Hugh Cuthrell (Non-Member) CC. G. Segeler (Non-Member) 
Co., Brooklyn, N. Y. D. L. Caldwell (Non-Member) F.M.Gahagan (Non-Member) 
Lynn, Joun Henry, Bldg. Supt. & Chief Engr., Dallas Power T. M. Cunningham O. E. Gammill, Jr. 
& Light Co., Dallas, Tex. G. H. Meffert F.C. Hersh 
Mutter, Lorin G., Prof., Mech. Engrg., Michigan State College, J. H. Van Alsburg G. L. Larson 
East Lansing, Mich. S. H. Downs H. B. Dirks (A4.S.M.E.) 
Swanson, Harry, Engr., The Fels Co., Portland, Maine. W. T. Jones A. B. Fels 
C. H. Mitchell C. R. Swaney 


Candidates Elected 


In past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. We are 
now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 
elected: 


MEMBERS Smyers, Epwarp C., Sales Engr., Minneapolis-Honeywell Regu- 


Barns, Amos A., Owner and Operator, Amos A. Barns, Ithaca, lator Co., Pittsburgh, Pa. 


Pi. ae 

Luty, Donaxp J., Experimental Engr., Wood Hydraulic H. & B. JUNIORS 
Co., Detroit, Mich. 

Neu, H. J. E., Pres., Société Anonyme des Etablissements Neu, 
Lille, France. 

Situ, J. Darrett, Mech. Engrg. Dept., Philadelphia & Reading 
Coal & Iron Co., Pottsville, Pa. 

Toonper, CLARENCE L., Air Cond. Engr., Kelvinator Corp., De- 
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HaMENT, Louis, Mgr., Aquatic Chemical & Metallurgical Engrs., Marino, Dominic A., Student, New York University, Ne\ 
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. Minneapolis-Honeywell Regulator Company, 2701 
Fourth Avenue South, Minneapolis, Minnesota. Branch and 
distributing offices in all principal cities. 
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ve 29 East 40th Street Building, New York 
ty. Kenneth Franzheim and Walker & Gill- 
e New York City, Architects. The Modu- 

| System completely governs air condition- 
g in both heating and cooling cycles. 
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@ Byers Genuine Wrought Iron Pipe lasts longer, 
delivers lower per-year cost service, and avoids 
shut-downs. The reason for this is, of course, wrought 
iron’s ability to resist corrosion and fracture from 
vibration fatigue for long periods of time, as proved 
by more years of service than any other ductile fer- 


rous pipe. 

Now that Taylor Forge offers a complete range of 
Weldells made from Byers Genuine Wrought Iron 
Pipe the very utmost in a piping installation is avail- 
able —a completely welded job of genuine wrought 
iron. Hence, whenever you specify Byers Pipe be sure 


to specify Taylor Forge Wrought Iron Weldells. 
GENUINE 


BYERS caine: 
PRODUCTS 


A. M. BYERS COMPANY 
Established 1864 








Pittsburgh, Pa. 
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Conditions Air— 

(l‘rom page 465, Editorial Section) 
tons. The equipment is so arranged that an additional 
70-ton compressor may be installed later to bring t! 
plant up to full capacity. 

With cooling-tower water at 95 I*, the condenser water 
requirements amount to approximately 6.75 gpm_ per 
ton and the steam consumption to approximately 35.75 
lb per hour per ton. With city water not exceeding 
70 F available for condensing purposes, the water re- 
quirement is approximately 2.85 gpm per ton and the 
steam consumption approximately 26 lb per hour per 
ton. The required steam pressure at the nozzles is 130 
IL gage when using cooling-tower water and 100 Ib gage 
when using city water. It is necessary, of course, that 
the steam be dry. 

These tonnages and water and steam requirements are 
on the basis of cooling water to 52 F. Should the plant 
be operated at a lower evaporator leaving temperature, its 
tonnage capacity will, of course, drop off. For example, 
if the evaporator water temperature is 42 F, the capacity 
of the plant is 115 tons as compared with 180 tons with 
evaporator water at 52 F. The total steam and condenser 
water requirements operating at 42-F evaporator water 
for 115 tons refrigerating capacity are the same as when 
operating at 52-F evaporator water and 180 tons 
capacity. 

The cooling tower is designed to cool 960 gpm of 
water from 110 F to 95 F when the outside wet bulb 
does not exceed 75 F-. This amount of condenser water 
is sufficient to permit the refrigeration equipment to 
operate up to 140 tons cooling capacity, (52-F evapor- 
ator). In selecting this capacity as the most economical 
for the present installation, the duration of peak loads 
was weighed against tower fan and pump horsepower 
requirements. 

The amount of heat per ton to be removed from a 
steam-jet refrigeration condenser exceeds by approxi- 
mately three times the heat per ton to be removed from 
a compression refrigeration condenser. The burden on 
the cooling tower is not in the same proportion, how- 
ever, for water in the steam installation may be run to 
higher temperatures with resulting higher efficiency of 
heat transfer in the cooling tower. 


City Water Aids Cooling Tower 


When the load exceeds 140 tons, city water is fed 
into the cooling-tower pump suction in amounts as 
necessary to help the cooling tower over the peaks. This 
added city water would ordinarily be wasted through 
an overflow, but the cooling-tower washer tank is below 
the sewer level. In order to avoid a costly sump-pump 
arrangement, it is necessary to waste the excess under 
pressure. This is done from the water line from the 
condenser to the washer sprays through an automatic 
electric valve which is controlled from a float switch 
operating on the rise and fall of water level in the 
washer tank. The action is graduated; that is, the 


valves will assume positions between full open and full 
ed 
CU, 


closed, as required by the amount of water to be wa 
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\Vater hammer and surging in the sprays are thus | 
avoided. 


Discharge of Air from Cooling Tower 


The air leaving the cooling tower is at temperatures 
ranging up to approximately 95 F saturated. When 
this air reaches the shaft some of the moisture it con- | 
tains condenses to form a “steam”. However the | 
“steam” is not dense or particularly objectionable. | 
Moisture does form on the walls of the shaft and in 
the escape passageways through the shaft at each floor, 
but not in amounts which cannot be dried out by a short 
run of the cooling-tower fan after the sprays have been 
shut down at the end of the day. 





Balancing Inside-Outside Conditions 


The inside air conditions are guaranteed not to ex- 
ceed 80-F D. B. and 50 per cent relative humidity when 
outside conditions do not exceed 95-F D. B. and 75-F 
wet bulb. To maintain these conditions on the eight 
floors treated by the system, not more than 160 tons 
of the 180 tons refrigeration effect is required and the 
evaporator water temperature need be no lower than 
52 F. But as outside conditions drop, it is desirable that 
lower inside conditions be maintained until at 70-F D. B., 
70-F W. B. outside, the inside conditions should be at 
70-F D. B. and 50 per cent relative humidity. This 
lower inside condition represents a lower maintained 
dew-point and therefore makes necessary operating the 
refrigeration equipment at a lower evaporator tempera- 
ture; 42 F in this case. 

As pointed out above, at this evaporator temperature, 
the capacity of the refrigeration plant has dropped to 
115 tons. Until the outside wet-bulb temperature falls 
below 70 F, there is only the decrease in transmission 
heat load to offset this drop in available tonnage. As 
the outside wet bulb falls below 70 F, the heat load 
represented by fresh air decreases, and a further ad- 
vantage is gained. 

Che transmission load on this job amounts to about 
30 per cent of the total load or about 48 tons. The 
balance, consisting of the internal heat load and fresh 
air load (the fresh air load changes but little between 
75-F W. B. and 70-F W. B. as the inside maintained 
wet bulb decreases) can be cared for by the 115 tons 
cooling effect available at the lower evaporator tem- 
perature. Of course, lag in the transmission load makes 
it impossible under ordinary conditions to synchronize 
outside and inside conditions closely. Only prolonged, 
approximately constant, outside conditions would make 
this possible. 





Space Required by Conditioning Plant 


ecause floor area in a modern office building is so 
valuable, the amount of space required by the equip- 
ment is of great importance. On this job the refrigera- 
tion and cooling tower equipment in the basement occupy 
approximately 900 sq ft of space with 13-ft headroom. 
lhe fans and dehumidifier equipment on the office floors 
ecupy a total of approximately 1775 sq ft. The total 
conditioned is approximately 64,000 sq ft. 


are 
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Correctly Engineered 
for ALL-WELDED 
Wrought Iron Piping 





@ Taylor Forge Wrought Iron Weldells make all- 


welded wrought iron lines possible. These correctly 
engineered fittings are made from Byers Genuine 
Wrought Iron Pipe, not plate, by the patented Taylor 
Forge process. 

Check these advantages and remember that you 
pay no price premium for them. Every Taylor Forge 
Wrought Iron Weldell has a smooth interior and 
exterior. Ends are machine beveled to make a neat 
job. Tangents assure proper lining up. Selective rein- 
forcement for greater strength. A request will bring 
complete information and estimating prices. 
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For WELDING 


TAYLOR FORGE & PIPE WORKS 
General Offices and Works, Chicago, Ill., P. O. Box 485 
New York Office, 50 Church Street 
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t’s bringing 
me information 
that I couldn’t get 
along without. It’s 
saving money for 
me every day.... 


That’s the gist of the letters we get 
from subscribers to HEATING, PIPING 
AND AIR CONDITIONING. They’re from 
heating, piping and air condition- 
ing engineers all over the country, 
working in all types of construction. 


Textile mills, packing plants, office 
buildings, hospitals, hotels, central 
heating stations, public utilities, 
sugar refineries, in fact, most of the 
big men who design, install and use 
heating, piping or air conditioning 
equipment, are finding this journal 
more valuable each month. 


The best authorities write for it. 
They report the latest and best infor- 
mation. It’s only a matter of $2.00 
for a year. ‘Send your check today, 
or, if you wish, we will bill you later 
—just send your name. 


HEATING, PIPING AND AIR CONDITIONING 


1900 Prairie Avenue, Chicago, Illinois 














7. 
Unit Heaters— 
(From page 449, Editorial Section) 


centers, to give a rugged construction. This constru: 
tion with ground surface joints and a high-temperatu: 
superheat gasket permits working pressures up to 125-|/ 
the ;';-in. copper headsheet with a special brazing process 





Fig. 4—Unit heaters installed in a large plant 


providing a tube connection which resists large strains. 
Particular attention has been paid the reduction of noise 
and vibration. 





Text on Fundamentals of Heat 


To some extent, the title “Elements of Industrial Heat” is 
a misnomer for the new text-book by John A. Randall, Presi 
dent of the Rochester Athenaeum and Mechanics Institute and 
J. Warren Gillon, Instructor in Heat and Mechanics at the 
Institute. (261 pp., $2.75. John Wiley & Sons, Inc., New 
York City.) While it is an excellent and up-to-date text on 
the fundamental principles of heat, no particular attention 1s 
devoted to industrial applications. The material included is 
intended to develop a good preparatory knowledge of heat en- 
gineering to serve as a background for further study. 

The chapter headings include fundamental concepts; calori- 
metry (of solid, liquid and gaseous fuels) ; expansion of solids, 
liquids and gases; the three states of matter; steam calorimeters 
conduction, convection, and radiation; fuels and their com 
bustion; properties of air and its moisture content; and energ) 
diagrams. The chapter on air briefly discusses humidification 
and explains the Carrier psychrometric chart. A feature of the 
book are the many problems presented in the text and in two 
appendices, planned to aid in understanding the text and in © 
viewing it. 
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AEROFIN 


IS THE HEAT-SURFACE 
FOUND IN THE 


NEWS 
BUILDING 


NEW YORK CITY 








The Standardized Light-Weight 
Fan System Heat-Surface 


196 Standard Sizes 


A comprehensive and helpful 
Bulletin will be mailed without 
charge upon request to Newark. 
Please use your business letter- 
head and ask for Bulletin 32. 


4 Types 








Raymond M. Hood 
John M. Howells 
Associate Architects 


Hegeman Harris Co. 


General Contractor 


Heating - Piping 


aiAir Conditioning 





Jaros & Baum 
Lockwood Greene 
Engineers, Inc. 
Engineers 


Alvord & Swift 
Heating Contractor 


This is not happenstance. AEROFIN is selected 
by America’s foremost Architects and Engineers 
because of its proved superiority. Pioneering light- 
weight, non-corrodible, unit Fan System Heat- 
Surface years in advance AEROFIN, designed 
and constantly improved by Fan Engineers, is still 


years in advance. 






requ st. 


FIN CORPORATION 


Frelinghuysen Avenue 
Newark. NJ 
’ % y 


yea Newark will be glad to send 
informative and appropriate publications upon 
Any Office will gladly render 


prompt, efficient, technical cooperation. 












RAYMOND 








Cnother PROOF 





—an accurate picture of 
DUO-STAT SAVINGS in the 
HEARST BUILDING of Chicago 


exactly six weeks the Raymond Duo-Stat in 


I: was even more than we had hoped for! In 


the Hearst Building, Chicago, had paid for 


itself. 


The story of this big cut in steam costs 


is shown above in the simplest possible way—by 
simply plotting steam used per month against 
the daily mean temperature outdoors. 

If this were the only record of its kind you 


would have a right to question it. 


But the 


record of the Hearst Building is merely one leaf 
of a great volume of evidence for the Raymond 
Duo-Stat. We have charted many of these rec- 


ords in the same way that the 
Duo-Stat record in the Hearst 
Building is pictured above. 


Have you received a 
set of these charts? 
What would the pic- 
ture of Duo-Stat sav- 
ings be in the building, 
or buildings, in which 
you are interested? 
We will gladly chart 
this for you if you will 
simply supply a rec- 
ord of steam or fuel 
consumption (by 
months) for the last 
year. We have pre- 
pared many charts of 
this kind, and the 
theoretical steam sav- 
ing that they show 
kas invariably been ex- 
ceeded by actual per- 
formance in thosecas- 
es where the Duo-Stat 
was later installed. 


F. I. RAYMOND CO. 
629 W. Washington Blvd. 
CHICAGO, ILL. 
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Fhe DUO-STAT alone 
combines these features @ 


@ Controls room temperature 
by a combination of outside 
and radiator temperature. (A 
fully protected principle.) 

@ Is just as effective with 
one-pipe system as two-pipe 
system. 

@ Accomplishes partial filling 
of radiators in either a one- 
pipe or two-pipe system. 

@ Cannot be upset by open 
windows. 





@ Gives a modulated control 
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EASY TO GET ATI! 

























When most. unit heaters are = < 
installed, sufficient space must extremely wide areas — without 
n ol e 

heater for withdrawing the cold spots or hot blasts. They 
eating coil. ut this space i onan 

oy are flexible heat where you 
Unitherms. .They can be in- want it and when you want it. 
stalled in very close quarters Th 

nen, ao chown a tak, ths ey are compact—greater B.t.u. 


coil is removable through the i i 
ewe 2 7 capacity. They have centrifugal 
short, simple job. Also note fans designed with a self-limiting 


that the fan housings can b ict) H 
cieeed. Thun avete eoaven horsepower characteristic. Built 


ing part is accessible—eas i i 
ne pert y in sizes to cover small or large 


be 


ALL PARTS pendable service follow the selec- 
ACCESSIBLE tion of Clarage Unitherms. They 


Economy in first cost and 
in operation, comfortable work- 
ing conditions and years of de- 


give you uniform heating over 


requirements at steam pressures 
up to 200 pounds. We welcome 
your inquiry. CLARAGE FAN 
COMPANY, Kalamazoo, Mich. 
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What? A Steam Trap 
in a Refrigerating Plant? 


66 ELIEVE it or not,” Armstrong Steam Traps can be readily | 
adapted for refrigerant service when all the liquid refrig- | 
erant can be carried on the low or evaporating side. 


up is shown below. 


In such installations, the two big advantages are low cost and 
reliable service. No closed float to leak or collapse, gas binding is | 


eliminated, and valve parts do not wire draw. 


For ammonia service, Armstrong trap bodies are made extra heavy 
and all interior parts, including the bucket, are of stainless steel. 

Armstrong representatives will gladly discuss the possibilities of 
Armstrong Traps for refrigerant service. 
local representative or write us direct. 


The compressor dis 
charges refrigerant 
gas to the condenser 
coils. Liquid con 
densed here collects 
in the receiver tank. 
The trap discharges 
this liquid to the 
expansion coils but 
refrigerant gas can- 
not escape through 


ompressor 





O0000 


Armstrong Machine Works 


Condenser coils 


Get in touch with your 









A typical hook- 














Three Rivers, Mich. 
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Liquid Level Control 


N many cases it is not practical to carry all the liquid 

refrigerant on the low pressure or evaporating side. 
For such service Armstrong offers an) ammonia liquid 
level control which admits liquid ammonia (or other 
refrigerant) to the evaporating coil as fast as it is re 
quired and maintains a pre-determined liquid level in 
the evaporating coil. Blueprints gladly furnished on 
request. 
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Specifications for Traffic Tunnel Fans | 


N the August issue of HEATING, PipING AND AiR Conpl- | 
TIONING, in the article by J. E. Gill on testing the fans 
for the East Boston traffic tunnel, a statement is made as follows: | 
“The specifications incorporated a provision not heretofore weed | 
on jobs of this nature, etc.” | 
In July, 1925, the specifications were written for the Holland | 
Tunnel fans. On page 5 of these specifications will be found | 
the following: | 
“Prior to the award of the contract, tests of one fan, sim- | 
: : . 
ilar to each type submitted by the bidder, except transformer 
blower fans, will be required, etc. 
“If the above tests show the brake horsepower to exceed 
by 3% or more in the operating range, or by 5% at any 
other point, the brake horsepower shown on the perform- 
ance curves submitted, the bids may be rejected. Operat- 
ing range of fan is from 30% to 85% of wide open volume.” 
It will be noted from the above “a provision not heretofore 
used on jobs of this nature” was used eight years previously 
in the Holland Tunnel specifications —A. C. Davis. 
Author’s Reply 

The Holland Tunnel specifications called for a test of a fan 
similar to each type submitted by the bidder prior to the award | 
of the contract and with the purpose of verifying the curves | 
submitted with the bids. This clause was similar to that in- 
corporated in the Boston Tunnel specifications but differed in 
these important features: 

Whereas, the Holland Tunnel specifications stated: | 

“The tests are to be made by the manufacturer at his plant 
under the supervision of the Engineer and in accordance with 
the standard test code of the National Society of Heating 
& Ventilating Engineers adopted June, 1923, subject to such 
modifications as have been adopted since then,” the Boston 
Tunnel specifications stated— 

“The test will be made in a laboratory, in the vicinity of 
the City of Boston, to be designated by the Department,” and 
“The tests on this fan are to be made under the supervision 
of the Engineer™in the presence of the manufacturer.” 
Furthermore, the following clauses were contained in the 

Boston Tunnel specifications which were not present in the 
Holland Tunnel specifications : 

“2. In addition to the above tests at least two points in 
the performance range shall be tested by means of a flow 
nozzle,” and “should the capacity of the fan as shown by 
the flow nozzle differ by more than 3 per cent from the 
capacity as shown by the impact tube under similar condi- 
tions, the bid submitted may be rejected.” 

It was these important differences and provisions “not hereto- | 
fore used on jobs of this nature” to which reference was made. | 
—J. E. Gill. | 


Conventions and Expositions 


American Gas Association: Annual convention, September 
25-29, Chicago. Headquarters Office, 420 Lexington Ave., New 
York City. 

[nternational Acetylene Association: Annual convention, Sep- 
tember 26-29, Congress Hotel, Chicago. (“International Acety- | 
lene Day” at A Century of Progress to be held during meet- 
ing.) Headquarters Office, 35 E. 42nd St., New York City. 

<imerican Welding Society: Fall meeting, October 2-6, Book 
Cadillac Hotel, Detroit, Mich. Headquarters Office, 29 W. 39th 
St., New York City. 

National Association of Practical Refrigerating Engineers. 
Annual convention and educational exhibition, November 8-11, 
Roosevelt Hotel, New Orleans, La. National Secretary, Edward 
H. Fox, 435 N. Waller Ave., Chicago. 








erican Society of Heating and Ventilating Engineers: An- | 

fual meeting, February 5-8, New York City. Secretary, A. V. | 
Hutchinson, 51 Madison Ave., New York City. 

li:ernational Heating and Ventilating Exposition: Third ex- 

Pos! ion, February 5-9, 1933, Grand Central Palace, New York 

Cit; Charles F. Roth, Manager, International Exposition Co., 

Gr: Central Palace, New York City. 
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WAGNER 
Motors for 
Air Conditioning 


yo motor operating the cool- 
ing unit of an air condition- 


ing system illustrated above, is a 
Wagner repulsion-start-induction. 


Other types of motors Wagner 
builds for air conditioning ma- 
chinery are: split-phase (primarily 
for small blowers and pumps), 
capacitor, squirrel-cage (3-phase 
and 2-phase), direct-current—and, 
on large jobs, the powerfactor-cor- 
recting Fynn-Weichsel synchron- 


ous motor. 


Whatever your motor-driven prod- 
uct may be, there’s a type of 
Wagner motor available to drive it. 











® 
WAGNER ELECTRIC CORPORATION M333-3 | 
6370 Plymouth Ave., St. Louis, U. S. A 
Please send Name & Position 
literature o 
the types of —=—__—_- 
Wagner mo- Firm 
Ce GR | cece 
below. Address 
f— Repulsion- rc Split- [7 Capaci- f~) Squirrel- f Fynn- 
induction Lj Phase l_'tor Cage \ Weichsel 































PITTSBURGH PIPING 


Fabricators of 


STAINLESS STEEL 











AVE you considered the advantages of 
stainless and special alloy steels? 


Everywhere your attention is directed to 
alloys—their longer life and greater strength 
point the way to savings. 


Are you taking advantage of the possi- 
bilities of these special steels by putting 
them to work in your plant? 


PITTSBURGH PIPING & EQUIP- 
MENT COMPANY, specializing in welded 
fabrication, is able to supply any special 
stainless alloy equipment to your specifica- 
tions. 


Let us quote on your requirements. 


PITTSBURGH PIPING 
& EQUIPMENT CO. 


43rd ST. & A. V.R.R. PITTSBURGH, PA. 


i Ab 


BRANCH OFFICE: 
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e 
Equipment— 
(From page 472, Editorial Section) 


protects the moving parts. The condenser is of the cony 
tional copper-fin type design. 

Operation is controlled by means of a suction pressure switch 
mounted directly on the unit, this incorporating an overload 
safety device. The large-capacity, cylindrical-type liquid 
ceiver is mounted on the base. It is equipped: with gas and 
liquid stop valves and fusible safety element. 

A magnetic relay switch is mounted directly on the unit 


and completely wired to the motor and controls. The suction 
gas strainer is mounted directly on the compressor. The unit 
runs at slow speeds. 

The new condenser is for use in conjunction with the new 


freon compressors announced a few months ago. 


Compact Oil-Burning Boiler 


Cleaver-Brooks Company, Milwaukee, Wis., has introduced 


several sizes of oil-burning steam boilers designed to operat 
with little labor, in small space and at low cost. The type of 


construction used eliminates the need of a foundation. The 


Miia 0 








boiler and burner are an integral unit each designed to operate 

with the other to promote high overall operating efficiencies. 
All air delivered into the combustion chamber is handled by 

a controlled predetermined mixture of air 





a blower to give 
and oil aimed to insure perfect combustion and complete use 
of fuel. Operated with ‘automatic the’ burner runs 


intermittently to take care of fluctuating loads and generates 
to 500 


controls, 


only the amount of steam required. Sizes range from 5 


boiler hp in working pressures from vacuum to 200 Ib. They 
may be used for building heating as well as in the plant by the 


installation of pressure-reducing valves. 
Offers Pipe Welding Clamp 
A new pipe welding clamp has recently been announced by 
Oster-Williams, 2057 E. 
61st Place, Cleveland, Ohio. 
The clamp is adjustable 
all 


range and is simple in de- 







for sizes within its 






sign. It is made at present 






in two ranges, one from 4 







to 6 and the other from 8 






to 12 in. Other sizes will 





be available in the future. 






One lever controls the ac- 
tion of the clamp, making 









it easy to put on and take 
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“GENUINE DETROIT” 


AIR CONDITIONING 
CONTROLS 


Low- priced 
dependable 


controls 


HETHER your in- 

stallation calls for 
complete air conditioning 
or automatic control of 
only heating and humid. 
ity, there are “Genuine 
Detroit” accurate,reliable, 
low-priced controls ready 
for any purpose. Before 
you plan the job, find out 
how little it will cost to include these tested controls. 





No. 444 Thermostat 


The Complete line of “Genuine Detroit” Air Con- 
ditioning Controls includes with others the No. 444 
Thermostat, No. 697 Humidistat, No. 673 Thermo- 
static Expansion Valve, No. 640 Electric Water 
Valve aan the No. 250 Control Switch. 


Write for Bulletins Nos. 39-B,51, 50 and 61. 


250 Pressure 
Control Switch 










640 Electric 
Water Valve 


673 Thermostatic Expansion Valve 


DETROIT |UBRICATOR (COMPANY 


Trumbull, Lincoln, Marquette & Viaduct 
DETROIT, Mich., U. S. A. 


Canadian Rep.: Railway & Engineering Specialties, Lid., 
Montreal, Toronto & Winnipeg 


Carburetors Valves 





Lubricators 
Automatic Controls for temperature, pressure, humidity 
R«frigeration, Oil Burner and Heating Accessories 
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See this NEW REXVANE FAN 


It cuts Motor Horse Power in Half 


mM) Wi Hl 


And this NEW LEAK-PROOF Heater 


Just try to break one of the joints! 


FEATURES 
Write for Catalog 395 and Complete Data 
B. F. Sturtevant Co., Hyde Park, Boston, Mass. 


y ») U rl CVa al 


INVESTIGATE THESE AND OTHER 


i 
XG 
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Recognized as 

THE STANDARD 

for Electric Refrigeration 
and Heating Surface 


Here is why 


FEDDERS 
NON-FROST 


Commercial 
EVAPORATORS "ris. i. 
are not ‘*‘Just Another Coil’’ 
1. COPPER FINS Fused to 6. %” and 4” 0.D. TUBING 
2. RAPID HEAT TRANS. 7. FIN HEIGHTS FROM 
FER 14,” UP 


3. METAL - TO - METAL 


" om oa 8. VARIOUS FIN SPAC. 
BOND between fins and INGS with flat and 
tubes A sed fins 

4. LIFE LONG EFFI- uted An 
CIENCY 9. FOR ALL STANDARD 


. ELECTROLYSIS _IM- REFRIGERANTS 
POSSIBLE between ene 


fins and tubes 10. SILVER SATIN FINISH 
Write Dept. HP9 for Working Data Book No. 40 


FEDDERS Manufacturing Company 


57 Tonawanda St. 


~ 


Dhhhinneete. eee 


Pept ald ala! ol ta Is! it 





Always marked 





Buffalo, N. Y., U. S. A. 


with the “Diamond” 











Jenki 


BROWN 


NITITS 
VALVES 


14 feler: 


HERE is QUALITY in 
Fig. 106-A Jenkins 
Bronze Globe Valve— 
extra deep stuffing 
box —slip-on, stay-on 
disc holder — one- 
piece screw-over bon- 
net—Jenkins disc. It 
pays to insist on 
Jenkins Valves and the 
extra service that has 
characterized Jenkins 
quality since 1864. 
JENKINS BROS. 
80 White Street, New York, N. Y. 


Bridgeport, Conn. Boston, Mass. 
Chicago, Ill. Philadelphia, Pa. 


Fig. 106-A Globe, Screwed 


Obtainable through your supply house 
























POSITIVE Amr 
Circulation 


The Most Practical 
Scientific Method 


convect JON 


with 


neat & 


Young ‘‘Streamaire”’ cop- 
per convection heaters. Free 
standing cabinets or plas- 
tered-in enclosures are a 
refinement for modern 
homes. They are designed 
for single or two pipe steam 
and gravity hot water systems. 

Young ‘‘Streamaire’’ copper core with ellip- 
tical tubes and integral fins is much copied 
but never duplicated in its sturdier con- 
struction and heat transfer qualities. 

See how Young ‘‘Streamaire’’ Radiation can 
be built into the wall and out of the room. 


Catalague Sent on Request 
Make the Young Guarantee Your Guarantee 


YOUNG RADIATOR COMPANY 
646 MEAD STREET RACINE, WISCONSIN 


Mfgrs. of Convectors, Unit Heaters, Blast Coils, Cooling Units, 
Evaporators ,Condensers, and Heat Transfer products. 





Wall type enclosure 





















538 Pages 


188 Illus- 
trations 


88 
Tables 


FOR THIS $5 BOOK 


HE HANDBOOK of the National District Heating Association will save you 
time and money in the design, operation and maintenance of central and district 
heating systems. The sole purpose of this authority is to provide a complete manual 
of practice for the use of the chief and operating engineers, for consulting engincers, 
architects and building managers, and for all others engaged in district centra 
heating work. Over 50 engineers—each a specialist in his own line—have collaborated 
to make it an outstanding volume. 


The Handbook contains 50 pp. on steam meters and metering; 33 pp. on the 
economical use of steam; 26 pp. on corrosion of steam heating systems; 93 pp. on 
steam distribution; 28 pp. on building heating methods; 65 pp. on district heating 
plants; and over 200 more pages on rates, sales activities, heat transfer, determining 
annual steam or fuel consumption, etc. 


For the first time you are offered the opportunity to own this latest edition of 
an outstanding $5.00 book—at the new low price of only $3.50. Upon our receiving 
this amount from you, we will forward the book at once—with the understanding 

| that if you are dissatisfied for any reason, you may return it within 10 days and we 
will return your money. 


HEATING, PIPING and AIR CONDITIONING 
1900 Prairie Ave. Chicago, Illinois 
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off the pipe. It automatically centers the two lengths of pipe 
to be welded and adjustable screw spacers keep them the cor- 
rect distance apart for efficient welding. The pipe is held 
Open construction of the clamp leaves large space for 
Welded steel construction is used to give maximum 
The smaller tool weighs 18 


rigidly. 
tacking. 
strength with minimum weight. 
lb and the larger 26 Ib. 


Inverted-Bucket Steam Trap 


A new inverted-bucket trap particularly applicable to services 
where a large amount of condensate must be handled is now 
offered by Jas. P. Marsh Corporation, 2073 Southport Ave., 
Chicago. The trap is self venting and has a large water capac- 
ity. The motive element is an inverted seamless open bucket 
operating through a cast brass lever arm to open and close the 
Operation and construction are simple. 

Body and cover are of cast iron. Bucket is of seamless cop- 
per and levers and clevises are of cast bronze. Pins, valve 
and seat are stainless steel. Design incorporates a high lever 
ratio for large capacities. All piping connections are made to 
the body which permits removal of the trap cover without dis- 
turbing piping. The entire operating mechanism lifts out with 
the trap cover making all parts accessible. 

Standard finish is gloss black. ™% and %-in. traps can be fur- 
nished in satin finish or polished finish, nickel or chrome plate 
on special orders. This trap is suitable for working pressure 
up to 125. 1b per sq in. and is made in three sizes—'%4, 4% and 1 in. 


swivel pin valve. 





Recent Trade Literature 


Air Conditioning: American Radiator & Standard Sanitary 
Corporation, 40 West 40th St., New York City. 30 page book- 
let summarizing the reasons for air conditioning for comfort in 
an elementary manner. 

Air Conditioning: Campbell Metal Window Corporation, 100 
©. 42nd St., New York City. 20-page booklet dramatizing the 
importance of air conditioning and noise prevention and describ- 
ing conditioning units which circulate and introduce fresh air, 
filter, and control noise in summer and winter; cool and de- 
humidify in summer; and heat and humidify in winter. 

Air Conditioning: Frigidaire Corporation, Dayton, Ohio. 32- 
page booklet on relief from hay fever and other disorders by 
means of air conditioning, describing how air conditioning re- 
lieves hay fever and pollen asthma, summarizing medical re- 
search, and describing the operation of a Frigidaire air-condi- 
tioning system and how it affects bodily comfort. 

Compressors: Worthington Pump and Machinery Corpora- 

tion, Harrison, N. J. 4-page bulletin illustrating the construc- 
tion features of compressors for refrigeration (vertical duplex, 
horizontal single and duplex, steam-driven and motor-driven, 
diesel and gas-engine driven, ammonia, freon and CO: units, 
vacuum—steam-jet—equipment). 
Buffalo Forge Company, Buffalo, N. Y. 4-page bul- 
letin describing baby conoidal ventilating fans, giving dimen- 
sions, and rating tables. Several uses (ventilating, exhausting, 
blowing, cooling, drying) are pictured. 

Furnace Fans: Air Controls, Inc., 1962 W. 114th St., Cleve- 
land, Ohio. Selector chart showing cfm requirements of fan 
agaist furnace capacity, firepot size, gravity pipe area rating, 


=_ 


Fans: 


or ‘tu per hr with a column for selecting the proper Miles 
aut atic furnace fan or blower. Separate columns are pro- 
vide! for industrial and domestic service. 


Hexting Equipment: Jas. P. Marsh Corporation, 2073 South- 


port \ve., Chicago. Loose-leaf catalog of industrial instruments 
and cating equipment, giving complete information on packless 
radi: or valves, thermostatic radiator traps, unit float and thermo- 
‘tat! traps, equalizer and boiler return trap, steam traps and 
vent. strainers, radiator valves, gages and thermometers, cocks, 
auto: atic air valves, air and vacuum valves, etc. 
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as Heating 





is economical 


Economical in first cost—economical in operating cost— 


and economical in maintenance cost—Buffalo Gas Unit 
Heaters provide CLEAN heat in hundreds of industrial 
plants in every branch of industry. 

Where Gas Unit Heaters are used—the fuel is paid for 
AFTER it is consumed. No space is required for boiler 
room or fuel storage. No fireman or engineer required 
push a button to start and stop. No ashes, dust or smoke 
with Buffalo Gas Unit Heaters. 

Being provided with automatic safety and temperature 
controls, Buffalo Gas Unit Heaters respond quickly to 
changes in the heating load, a further proof of their de- 
sirability for industrial use. 

Buffalo Gas Unit Heaters are made in suspended and 
floor types—two sizes each, with capacities ranging from 
a maximum heat input of 75,000 B.t.u. on the No. 75-G 
to a maximum heat input of 450,000 B.t.u. on the No. 450 
GH. Actual efficiencies of Buffalo Gas Unit Heaters when 
vented, range from 80% to 90%. 

Full information and price of these units should be in 
your hands if you are buying any heating equipment. 


Write us today for data bulletin 


BUFFALO FORGE COMPANY 


171 Mortimer St., Buffalo, New York 
In Canada: Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


with o*, 
GAS 


66 
Unit Heaters 














SPECIFY 


| DART UNIONS 
FOR 


SAFETY 














By specifying Dart 
Unions you eliminate the element of 








chance from your pipe line installa- 
tions. Two bronze seats accurately 
machined and carefully ground pro- 
tect both sides of the joint from rust 
and corrosion. Take no chances... 
write Darts into your specifications 
every time. 


E. M. DART MFG. CO., Providence, R. |}. 
Sales Agents Canadian Factory 

THE FAIRBANKS CO. DART UNION CO., Ltd. 
New York Branches Toronto, Canada 











A New Metal Faced Insulation 


for Heating, Cooling and 
Ventilating Systems 


Ferroclad Structural Panels provide a rigid, 
permanent, firesafe, rodentproof insulation 





for heating and refrigerating ducts, fan 

rooms, heating units, radiator panels, etc. 

They consist of any type or thickness of insu- 

lation permanently sealed between metal plates. 
Sample and catalog on request. 

TRUSCON STEEL COMPANY, YOUNGSTOWN, OHIO 





Ferroclad Structural Panels 














The 
B« J 
PROPORTIONATOR 

SYSTEM 


A system for zone heating 
that ig extremely simple in 
principle; requires no compli- 
cated electrical devices and 
can be installed without ex- 
tensive changes in piping in 
buildings already equipped 
with vapor or vacuum beat 
Write for Bulletin 833. 


BARNES & JONES Inc. 123 Brookside Ave. 


JAMALCA PLAIN, MASS. 
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Humidity Instruments; Amthor Testing Instrument Co., | 
309 Johnson St., Brooklyn, N. Y. Data sheet describing dir«ct- 
reading precision hygrometers, recorders, and other instrume its 
for determination of air conditions. 

Motors: General Electric Company, Schenectady, N. Y. 
4-page data sheet on fractional-horsepower, single-phase, re- 
pulsion-start induction motors showing features, details of con- 
struction, etc. 

Motors: Wagner Electric Corporation, 6370 Plymouth Ave., 
St. Louis, Mo. Bulletin sheet on vertical motors, illustrating and 
describing three different types and explaining by means of illus- 
trations and applications how horizontal-type motors can be 
mounted vertically to save cost of special construction. 

Motors: Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, Pa. Leaflet on resistance split-phase motors, 
recommended for such applications as oil burners, fans and blow- 
ers, centrifugal pumps, etc.; applications, features, and con- 
4 page bulletin on high-speed syn- 
chronous motors with thermoguard protection for constant- 
speed machinery such as fans, blowers, compressors, pumps, etc. 
4-page bulletin on splash- and drip-proof drives (motors and 
control), explaining construction in detail. 

Nickel-Clad Steel: H. Boker & Co., Inc., 101 Duane St., 
New York City. 12-page technical bulletin on methods for 
the fabrication of nickel-clad steel sheets, strips, and wire. 

Piping: Benjamin F. Shaw Company, Wilmington, Del. 32- 
page book illustrating this company’s facilities for the fabrica- 
tion and installation of piping in industrial and power plants 
and picturing numerous representative jobs. 

Pumps: The Nash Engineering Co., South Norwalk, Conn. 
36-page catalog of pumps :—air compressors and vacuum pumps, 
vacuum return-line heating pumps, condensation pumps, cen- 
trifugal pumps, suction sump and sewage pumps, and sewage 


ejectors. Descriptions, capacity tables, selection tables, etc., are 
included. 
Pumps: Morris Machine Works, Baldwinsville, N. Y.  16- 


page bulletin on side-suction volute pumps, describing construc- 
tion in detail, illustrating various types of drive, and giving 
rating tables and performance curves. Sizes are 1 to 20 in., 
capacities up to 14,000 gpm at heads to 120 ft. Suitable for 
handling clear water and abrasive or pulpy mixtures, 
applications in industrial plants, chemical plants, pulp 
paper mills, general pumping or unwatering services. 

Pumps: Worthington Pump and Machinery Corporation, Har- 
rison, N. J. Bulletins on horizontal single piston pattern steam 
pumps and horizontal simplex direct-acting piston pumps, giv- 
ing complete information, capacity data, etc. 


with 
and 


Solenoid Valves: Automatic Switch Co., 154 Grand St., New 
York City. Loose-leaf bulletin on solenoid valves for air, gas, 
steam, and liquids for automatic and remote control. Service 


recommendations, connections, specifications, and descriptions of 
several types are given. 





Ric- -WIL Cast ~\ 


Conduit provides permanent protection, with- 
THE RIC-WIL COMPANY 


out added construction, for underground steam 
pipes subjected to extreme load or vibration 

1562 Union Trust Building + + + + + Cleveland, Obie 
York, Chicago, San_ Francisce 


DRY-PAC Insulation 
inte IN PRINCIPAL cITIES 


is waterproofed, thus keeping steam pipes dry 
Riéan 86. VU. &. PAT. OFF. [ 


and maintaining the highest thermal efficiency 
Write for complete details 
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with heavy duty tile 
Base Drain 
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Valve Trim: The Edward Valve & Manufacturing Co., East 
Chicago, Ind. 12-page pamphlet describing the suitability and 
use of “Evalloy” as a valve trim material for high-temperature 
service; it is a stainless iron or 11-14 per cent chrome steel. 

Venting Valves: Hoffman Specialty Company, Waterbury, 
Conn. New price list dated July 31. Also series of four bul- 
letins giving descriptions, engineering data, and illustrations 
of complete line of heating specialties. 

Water Treatment: D. W. Haering & Co., Inc., 3408 W. 
Monroe St., Chicago. 16-page booklet on water treating de- 
scribing the applications of H-O-H treatments to various wa- 
ter problems and explaining causes and effects of problems 
common to boiler and hot-water equipment, air-conditioning 
equipment, refrigeration equipment, etc. 

Welders: Universal Power Corporation, 1719 Clarkstone Rd., 
Cleveland, Ohio. 4-page bulletin on shunt inductor welder 
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motor-generator sets. Also 8 page bulletin on welding acces- 
sories and clothing. 
Welding Fittings: 
Providence, R. I. 
ing dimensional drawings, dimensions, illustrations and list prices. 


Grinnell Company, 277 W. Exchange St., 
24-page catalog of welding fittings, includ- 


Among the fittings are elbows and returns; tees and crosses; 
reducers; caps, sleeves, and saddles; welding outlets; threaded 
outlets; forged steel flanges; lap welding necks; lap flanged 
welding cups; welding neck flanges; slip-on flanges; miscel- 
laneous welding items, and pipe bends for welding. 

Welding Fittings: 
St. Louis, Mo. 
from Reading puddled iron, including van stone welding nipples, 


Midwest Piping & Supply Company, Inc., 
4-page leaflet describing welding fittings made 


90-deg and 45-deg ells, welding heads, shaped welding nipples, 
and reducers. 
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CLASSIFIED ADVERTISING. 


8 cents for each word including heading and address. Count nine words for keyed address. 


Minimum $2.00 for each insertion. 


One inch $4.00. Cash must accompany order. 


Copy must be in our hands by the twenty-fifth of the month previous to issue. 














SITUATIONS WANTED 


SITUATIONS OPEN 











AIR CONDITIONING EXECUTIVE 

seeking connection offers benefits of 
college education, sixteen years’ experi- 
ence and responsibility covering technical 
problems of design and application, speci- 
fications and contracts, planning and se- 
curing sales, training and guiding sales- 
men and branch office management. Also 
major fan company training covering 
every phase of air work. Address Key 
215-A, “Heating, Piping and Air Con- 
ditioning,” 1900 Prairie Ave., Chicago. 





SALES ENGINEER, EXPERIENCED 

in hiring, training and supervising high 
type specialty salesmen and familiar with 
air conditioning and refrigeration by ice, 
compressors, absorption and steam jet 
systems seeks connection. An _ experi- 
enced salesman, understanding thoroughly 
the engineering of air conditioning. An 
interview or correspondence welcomed. 
Address Key 217-A, “Heating, Piping 
and Air Conditioning,” 1900 Prairie Ave., 





Use This Page 
To Get 
What You Want 





If you are looking for com- 
petent employes; or if you 
contemplate a change in posi- 
tion; have a patent for sale; 
second-hand machinery or 
tools; form a co-partner- 
ship, etc., your advertisement 
on this page will put you in 
touch with the people you —- 
desire to reach. 


The cost of insertion is only 
eight cents a word and may 
mean many dollars to you. 


WANTED 

by large manufacturer, an experienced 
designer of compressors for refrigera- 
tion and air conditioning work. Per- 
manent position for right man. Write 
giving statement of experience and ref- 
erences to Key 214-A, ‘‘Heating, Pip- 
ing and Air Conditioning,’’ 1900 Prairie 
Ave., Chicago. 








REPRESENTATIVES WANTED 


RADIATOR SALES OPPORTUNITY 

—strong established manufacturer. Out- 
standing new advanced type heating radi- 
ator. High grade experienced sales rep- 
resentatives who can operate upon straight 
commission basis should write for com- 
plete particulars. State qualifications 
fully. Address Post Office Box 1222, 
Pittsburgh, Pennsylvania. 
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MISCELLANEOUS 
SEAMLESS 
STEAM TRAF 


REGULATOR COPPER 
e FLOATS 





FOR 
RECEIVERS 

















Chicago. 











Naugatuck (Mfg. Ce., Union City, Pa. 














Patented All Aluminum Multiblade, 
Balanced Blower Wheels. Unexcelled 
for quiet and smooth operation. 


30 years’ experience building Propeller 
Fans, assembled, balanced and tested, 
ready to mount on motor shaft. 


THE TORRINGTON MFG. CO. 
44 FRANKLIN ST. 
TORRINGTON, CONN. 

















STEA 


Small Size 
Large Capacity 
Non-Clogging 

Non Air-Binding 
Anti-Balancing 





Guaranteed for One Year Against Wear 


THE STRONG, CARLISLE & HAMMOND CoO. 
1392 WEST 3RD ST. CLEVELAND, OHIO 
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